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ABSTRACT 


Farthbound recording systems come in many sizes and use 


Various mediums on which to record the data. The harsh 
environment of space, however, introduces some unique prob- 
lems. This limits the number of choices not only for the 


type of system but also for the optimum recording medium. 
How changes in temperature, radiation, MAGI NOtemader, etc. , 
affect the performance of the device as a whole must all be 
considered. 

Magnetic bubble memory technology implemented in a solid 
state recorder is a possible. solution. Included in this 
thesis 1s a description of the development and history of 
the magnetic bubble memory, along with a comparison to other 
technologies. The design and implementation of a digital 
data recorder using off-the-shelf four-megabit devices is 
presented. A schematic of the data recorder and software 


used is included in the appendices. 
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I. INTRODUCTION 


"Space, the final frontier... ."? For centuries space 
has been an unknown frontier to man, a frontier that Hae 
been, and is still, studied in great detail. Man, in his 


quest for knowledge, has progressed from performing experi- 
ments in space with unmanned vehicles to manned reusable 
platforms that can remain in space for days. With the birth 
of the Space Transportation System (STS or Shuttle), an 
opportunity has been provided for persons outside the 
National Aeronautics and Space Administration (NASA) and 
military organizations to send their own experiments into 
space. This opportunity is in the form of a program that is 
known as the Get Away Special Program or GAS.: 

The GAS program provides guidelines for the designers of 
an experiment. These guidelines include such tips as the 
recommended use of the standard GAS container provided by 
NASA, electronic interfaces to the Shuttle cargo bay, safety 
tips, and environmental considerations. Table I provides 
the conditions under which the payload must perform [Ref. 1: 
De 222 

An experiment that will be flown on the Shuttle by 
students from the Naval Postgraduate School (NPS) is 
designed to measure the vibro-acoustic power levels that 
occur in the forward one-third of the STS cargo bay during 
launenh. Acoustic vibrations may cause widespread damage to 
the electronic equipment. Three microphones will be used to 
detect the acoustic noise levels. The data obtained will be 
stored ina recorder. Since the required data will be 
produced during the first two to three minutes of launch, 


(the recorder will be idle for the remainder of the flight), 


. -This quotation was taken from the television series 
star Trek. 


TABLE I 
DESIGN PARAMETERS 


MAXIMUM MINIMUM 


Altitude (NM) 400 120 
Percent Cime in 

earth s shadow 40 SZ 
Temperature (°C) 


relaunch 2 50 
Pabliae hh 5 Oe) 
On-orbit IU OI8, 
Bees he -45 105 
Typical overall temp 65 bo -50 

Pressure (atm) Oe? no 2 
Seay o eaiee ‘ 
acceleration (g) 10 4 LO! 
Acceleration in 
Manele LS (g ) Oo Oo 001 
Random Vibrations Rive. 7a 
between 80-1000 Hz 





the memory needed to record the data must be rugged, reli- 
able, and non-volatile. It must be able to withstand the 
impact of lift-off and the hazards of a harsh environment 
such as space. 

A solid state magnetic bubble memory data recorder 
(SSDR) has been chosen to perform the task of data storage. 
This and all other components of the whole experiment have 
been designed with the previous parameters as the specifica- 
tions. This thesis presents the development of the magnetic 
bubble memory and its implementation as the recording medium 


in the solid state data recorder. 


II. BUBBLE MEMORY CHARACTERISTICS 


Equipment used in experiments performed in space must be 
inherently rugged in order to withstand the severe environe- 
mental surroundings. What may be a successfully operating 
piece of equipment on earth may have to be upgraded in 
certain areas in order to function reliably i1n space 
(Ref. 2: p. age The first section of this chapter is 
devoted to a discussion of the performance of the Magnetic 
Bubble Memory (MBM) in such a hazardous environment. The 
remaining section compares it with other memory devices when 


required to function as a data recorder. 


A. MAGNETIC BUBBLE MEMORY PERFORMANCE 

In space, exposure to intense radiation and temperatures 
that far exceed those experienced on earth are encountered. 
Studies have been conducted to determine just how severe 
these effects may be on the MBM. These studies have shown 
that itis virtually unharmed by exposure to neutrons, 
protons and gamma rays. Experiments have demonstrated that 
levels above 101°? neutrons/cm? do not cause permanent meas- 
urable changes in the properties of the materials used 
VREbs eee ps 2 The MBM has also been exposed to transient 
radiation, such as X-rays. Even in the absence of 
shielding, tests have shown that failure occurred at a value 
of 5 x 10° rads/sec [Ref. 4: p. 4847]. This information can 
be put into perspective when one considers the radiation 
received by an already "space-born" system such as the 
Global Positioning System( GPS). It is in an Orbit in) whies 
the satellites experience the greatest radiation dose to 
date by long-lived, earth-orbiting systems. Tests have 
shown that over a 448-day period, the average dose of radia- 
tion was 404 rads/day [Ref. 5: p. 477]. Radiation, there- 
fore, will have very little effect on the MBM module. 
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Due to the lack of atmosphere in space the temperature 
range can be extensive. There are two major limitations on 
the operating temperature range of the MBM. The first limi- 
tation is in connection with the bias field. The second 
limitation is in connection with the rotating magnetic 
field. (Implementation of the two fields is discussed in 
Simapter 2. ) 

The permeability of both the bias field and the thin 
film of magnetic material on which the bubbles are formed is 
affected by varying temperatures. The composition of each 
part changes in accordance with changes in temperature, and 
thereby limits the operating temperature of the MBM. The 
effect on the rotating magnetic field is such that, as 
temperature decreases, the rotating field must increase in 
Smeer to drive Che bubbles through the medium. 

Two other effects exist that may limit the operating 
temperature range of the MBM. Mairst, to generate new 
bubbles--i.e., a write operation--a current pulse, which 
will be explained in the following chapter, is required. 
This pulse varies with changes in temperature. To ensure 
proper generation of each bubble, the pulse must be adjusted 
or else improper data may be recorded. The second effect 
occurs in a read operation. During the read cycle, the data 


is sent under a type of detector that senses the presence or 


absence of a bubble. This detector output changes with 
temperature. Since the bubbles’ magnetic permeability and 
the detector's sensing ability vary with temperature, the 


operational temperature of the MBM is limited to a fixed 
range of values. Current MBM modules operate over a temper- 
ature range of -20° to +85 [Ref. 6: pp. 83-88]. 

Data already recorded in the MBM can be stored reliably 
over a full range of temperature from -40° to +90° [Ref. 7: 
fo. Bas The largest temperature restrictions imposed on 


equipment are those encountered in the military. Many of 


el 


the military applications require successful operation at 
temperatures beginning as low as -55° C. Research is in 
progress to improve the operating temperature capability of 
the MBM [Ref. 6]. For the GAS experiment, however, the 
advertised operating temperature range of the MBM is suffi- 
clene, 

The MBM has no mechanical moving parts (see Chapter 2). 
With cassette recorders that require mechanisms to turn the 
recording medium, mechanical breakdown, corrosion, and slip- 
ping due to vibratwvon may occur. None of these situations 
which may prove fatal to the mission, i.e. loss of data, 
will occur with the MBM. 


B. COMPARISON OF MBM TO OTHER MEMORY DEVICES 

A comparison of the MBM with other memories demonstrates 
further why using it as ajdata recorder in the space jem ai 
ronment constitutes a practical choice. Memories can be 
separated into two basic categories: semiconductor and 
magnetic. Examples of the former include ROM, PROM, EPROM, 
E* ROM, RAM, and CCD. Examples of the latter include tape, 
disk, core and MBM. The semiconductor group uses voltage, 
charge or current levels to represent data. The magnetic 
group uses variation in magnetic flux [Ref. 8: p. 8]. 

The individual features of each memory should be consid- 
ered in choosing an appropriate device; using one in space 
adds even more constraints to the selection process. some 
required features, besides radiation hardness and temperaure 
range, are versatility, non-volatility, reliability, smadal 
size, low power consumption and, finally, cost. 

When versatility is considered, some of the aforemen- 
tioned memory devices can be eliminated. The PROM (program- 
mable ROM) and EPROM (erasable programmable ROM) must be 
programmed by the user outside the circuit. While the PROM 
can be programmed only once, the EPROM has the capability of 


being programmed numerous times. In order to accomplisn 
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this, however, it must be removed from the circuit and 
exposed to ultraviolet light. As a result, using either as 
a recording medium would be impractical. 

The electronically erasable ROM, E* ROM, can be changed 
meee 1m the circuit. Any byte can be erased in approxi- 
mately 9ms (Intel E* ROM 2816A) without affecting the data 
in any other location. The entire memory can be erased in 
9ms also [Ref. 9: p. 5-83]. The available chip sizes, 
however, do not compare to the amount that can be stored in 
one 1 Mbit MBM module or the 4 Mbit device. The E* ROM 
functions best as aread only memory suited for storing 
fixed programs, logic functions or code converters with the 
added capability of remote firmware update of program code 
and dynamic parameter storage [Ref. 9: p. 5-10]. 

Other memories can be eliminated when non-volatility is 
considered. If a memory is non-volatile, it has the ability 
to retain already stored data should a power failure occur. 
The semiconductor RAM (random access memory) is a volatile 
memory. Data recorded prior to a power failure would be 
Fost. 

The CCD, or charge-coupled device, was developed in an 
effort to find a semiconductor equivalent to the MBM. It is 
dynamic, and data must be internally shifted at a minimum 
rate or else electrons can be thermally generated, thereby 
modifying existing stored data [Ref. 8: p. 313]. Unless 
batteries are used to Keep the RAM and CCD memories powered 
up ina stand-by mode, the data would be lost. The length 
of time the stand-by power is required rests on the mission 
of the Shuttle and the time it would take to return the 
experiment to the NPS. Adding stand-by power adds batteries 
and, consequently, adds to the weight and space situation 
inside the GAS cannister. . 

Tape recorders are frequently used because of their 


small size, comparatively low cost, and large data storage 
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capability that permits parallel storage of data on several 
channeis. The tape, however, can be damaged should it be 
stretched or knocked off its tracks during launch. Tape 
also requires a very thin layer of air between itself and 
the recording heads. Finally, the moving parts aid in 
decreasing the overall reliability. 


Magnetic disks and drums pose problems that are similar 


to the tape recorder's. Once again moving parts decrease 
the reliability. Another limiting factor 1s the amount of 
space available inside the GAS canister. Disks and drums 


require a great deal of space which leaves less room for 
other essential equipment. | 

Core memory has been around for many years. It 1Ssemen= 
volatile and reliable, but size and power constraints limit 
its use as a piece of space equipment. In a self-contained 
experiment such as this one, power 1s critical. I Cas 
desirable to have nominal power consumption. As the amount 
of data to be stored increases, so does the power consump- 
tion, size, and cost of the core memory--to a much larger 
degree than with other memories. Should the design of @@mase 
recorder be such that all of the MBM cards be turned on at 
once, 1t too would require a great deal of power. However, 
power switching becomes a viable option when implementing 
the recorder with the MBM. Thus, the only active MBM card 
needs to be the one currently inuse, thereby conserving a 
great deal of power. 

The preceding discussion of the MBM's ability to with- 
stand conditions in space, and the comparison with other 
memory devices, helps to show why--in addition to its being 
versatile and non-volatile--the MBM is the best device for 
the GAS experiment. Even though there is shielding around 
the device to protect against radiation, choosing a device 
that is inherently unaffected by radiation provides an added 
element of reliability. Although the operating temperature 
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range of the MBM is not as extensive as would be required in 


several military applications, it is adequate for the 
purposes of the experiment. The MBM is reliable because it 
has no mechanical parts that move. The specific device 


Chosen for the GAS experiment is the Intel Corporation 


Magnetic Bubble Memory 7114. 


ro 


III. MAGNETIC BUBBLE DEVELOPMENT 


The MBM has been in existence for approximately twenty 
years. After its introduction by Andrew Bobeck--an employee 
of Bell lLabs--many companies became involved in the study 
and manufacture of bubble memory devices. They soon discov- 
ered, however, that the MBM required complicated control 
CAGeu dtr. It was also difficult to interface with existing 
hardware. As a result, the decision to discontinue produc- 
tion of the MBM was not long in coming [Ref. 10: pp. 30-32]. 
The two major manufacturers remaining are Intel Corporation 
and  Hatachi.. 

A study of the technology used in producing and manipu- 
lating "bubbles" is important for a better understanding of 
the MBM's overall operation and its use in the SSDR. This 
Chapter is devoted to an explanation of this technology, 
while Chapter 3 explains how the support chips of the MBM 
function: Before beginning this chapter, however, it is 
important to point out that all figures in this chapter and 
the following chapter represent the 1 Mbit bubble device. 
The GAS experiment is using the 4 Mbit device. However, the 
basic operation is the same. Intel's 4 Mbit device "uses 
the same architecture as the 1 Mbit device. It has 8 iden- 
tical sections instead of 4 and each section is enlarged to 
store double the number of bubbles. The result is a four- 
fold increase in capacity” [Ref. 9: p. 6-227]. 

The bubble chip of Intel Corporation's 7114 MBM begins 
with the formation of a nonmagnetic garnet wafer on top of 
which a Ea ferromagnetic film is deposited. 


Ferromagnetism causes the atoms of a material to align with 


parallel magnetic orientations. If the material is thick 
enough, the orientation of the groups of atoms, or domains 
as they are called, occurs in three dimensions. In the case 
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of the MBM, however, the film is very thin--in practice less 
than 1/1000 inch thick. This thinness restricts the domains 
to two directions, one perpendicular to the substrate, the 
other parallel. Unless a magnetic field is present, these 
domains have a snakelike shape. As a magnetic field perpen- 
dicular to the film is applied, the snakelike structures 
begin to. shrink. The field is then increased to a point 
where the domains have a cylindrical appearance with a 
three= micrometer diameter. These domains, when observed 
through a microscope, look like a circle or "bubble"--from 
which the name Magnetic Bubble Memory is derived (see Figure 
oe it). The presence of a bubble is a binary 1; the absence, 
a O [Ref. 9: p. 6-3]. 
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Figure 3.1 Magnetic Domains Under Magnetic Bias Field. 


The fixed field that maintains the shape and stability 
of the bubbles is known as the bias field. This bias field 


is produced by two permanent magnets positioned on each side 


A] 


of the MBM substrate. They remain unaffected by any type of. 
power fluctuation. As a result, the integrity of the data 
that the bubbles represent 1S maintained, making the MBM a 
non-volatile memory device [Ref. 9: p. 6-4]. 

The MBM does not operate by moving the recording medium 
aS is the case with the tape ina tape recorder or disks in. 
a disk drive. In the MBM, the data is moved under the 
influence of a rotating magnetic field. The rotating field 
is generated by sending current through two coils which are 
wrapped perpendicular to one another around the substrate. 
Figure 3.2 shows how the different parts are assembled to 
produce the MBM module. 
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Pagure si. Magnetic Bubble Unit Assembly. 


18 


There is one more important feature that aids in the 
movement of the bubbles from one location to another. Pa 
order to control the direction of movement, a magnetic field 
gradient must be present. A magnetic film is deposited on 
top of the bubble substrate in the form of a number of 
paths. These paths have the shape of asymmetrical chevrons. 
Being asymmetrical, one side of the chevron has more energy 
than the other. The bubble will propagate toward the 
smaller side in the presence of the drive field (see Figure 
cas). The chevrons, In | Conyjuneceweon Wita the rotating 
magnetic field, provide the capability to move data from one 
location to another without moving the medium on which the 
data is stored. [|Ref. 9: pp. 6-4 = 6-6]. 

Ihe memory itself is designed ina block replicate 
architecture. The fundamental idea in this type of design 
is that the data is written in or read out in parallel from 
an input or output track, see Figure 3.4 (From the figure, 
note that there is a difference between the input and output 
tracks. The difference will be explained later in this 
Chapter. ) 

The block-replicate architecture consists of a specified 
number of storage loops. An MBM has 320 loops, 48 of which 
are spares. An extra loop, called the bootloop, is used to 
keep track of the active loops and the spares. Pie 20 
loops are divided into four groups or quads. This helps to 
shorten the read and write cycle times. 

The quads are reduced even further to odd and even 
loops. The even loops store the even-numbered bits. 
Likewise, the odd loops store the odd-numbered bits. When a 
read operation is performed, the bits are interleaved back 
into the original order in which they were received and sent 
out serially on the output track. A write operation does 
not require this interleaving process, for it is a write 
operation that initially separates the bits to the odd and 


even loops. 
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Pali esas Movement of Bubbles Under Chevrons. 


The input and output tracks are serial devices. A 
distinction exists between the two tracks because they 
perform completely different tasks. The input track 
performs a swapping function; the output track performs a 
beplicacloneecune elon. 

To better explain each process, bubble generation must 
first be understood. A seed bubble is always present at one 
end of the input track and is initially generated by an 
electric current pulse which splits a hairpin loop of 
conductive material. Because of the interaction between the 


drive field, bias field, and conductive material (permalloy 
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Figure 3.4 Organization of Bubble Memory (One-Half Chip). 


patch, see Figure 3.5), this bubble maintains a kidneylike 
shape. Once created, it remains in existence for as long as 
the bias field does. When a binary 1 is to be generated, 
the seed bubble is split in two by the current pulse. One 
of the halves remains under the permalloy patch as the seed; 
the other is driven to the input track via the rotating 
field. To store a binary O, the pulse is omitted. 

As stated, the input track performs a swapping function. 
Once the bubble is generated and travels down the input 
track to the specific loop on which it is to be stored, 
another current pulse is generated. This pulse causes the 
new data to "swap" places with the old data on the storage 
loop, and the old data is destroyed. 
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Figure 3.5 Seed Bubble and Bubble Generation. 


The bubbles are replicated when a read operation is 


performed. Each bubble on a storage loop acts essentially 
as its own seed bubble. The bubble is transferred under a 
large element, where it is stretched out. A current pulse 


cuts the bubble in two, leaving one half to remain in memory 


and the other half to be read as output. These new bubbles 
travel down the output track serially through a bubble 
detector. Detection is accomplished by passing the bubble 
under a "bridge" of magnetoresistive material. When a 
bubble passes under the bridge, the resistance changes and 
Slightly modulates the current through the bridge. This 
fluctuation is then translated to a one or a zero. After 


detection, the output bubbles are destroyed (see Figure 3.6) 
[Ref. 9: pp. 6-7 - 6-10]. 


ZZ 


As can be seen, an intricate design is used in the 
making of a magnetic memory module. Additionally, the MBM 
is never "spoken to" directly by the microprocessor. A 
group of support chips is used for communication between the 


two, and this is the topic of discussion in Chapter 3. 
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Pigure 3.6 Swapping and Replication Configuration. 
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IV. FUNCTION OF “SUPPORT Gr eiiiine 


A difficult obstacle to overcome in the introduction of 


the MBM into the commercial market was interfacing it with 


existing hardware. Initially, the support chips required by 
the MBM were purchased separately. In the past few years, 
however, Intel has introduced a package consisting of the 


MBM and its requisite support chips. These chips are: 
1. 7244 Formatter/Sense Amplifier (FSA), 
Z 7234 Current Pulse Generator (CPG), 
3, 7250 Coll Pred erm eepny 
4 7224 MBM Controller (BMC). 

The BMC, in ‘conjunction with the fa CPG, and GEE 
carry out all communication with the MBM. Figure 4.1 shows 
how the chips interface with one another. 

The FSA is a dual formatter/sense amplifier that 
contains on-chip sense amplifiers, a full FIFO data block 
buffer, and error-detection and correction circuits. As 
explained in Chapter 2, the bubbles are sent under a magne- 
toresistive bridge during a read operation. If a bubble is 
detected, the resistance of the bridge changes. This is the 
Signal that a bubble or a one is present. The sense ampli- 
fiers in the FSA perform a sample-and-hold function on this 
input signal thereby, producing a digital one or zero. 

The FSA then formats the data in the following manner. 
As explained in Chapter 2, each MBM has an extra loop that 
is known as the bootloop. This extra loop contains the 


information pertaining to all the active and inactive loops 


in the bubble module. When the FSA receives an incoming 
data bit, it confirms that it is from an active loop witamsn 
the MBM by referring to the bootloop register. Li the oie 


is from an active loop, it is stored in the FIFO buffer. ie 


it is from an inactive loop, it is ignored. The FIFO in the 
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Figure 4.1 System Block Diagram. 


FSA is a serial, first-in-first-out buffer that can hold 256 
ees Of data (2/72 without error correction). The data is 
then sent to the BMC. In the write operation, the FSA 
enables the current pulses of the CPG that cause the bubbles 
to be generated. 

Various current pulses are used to generate a bubble as 
well as to replicate one. The CPG performs this function. 
The CPG also converts digital timing signals to analog 
current pulses suited to drive the MBM. 

The CPD, along with the two drive transistors (see 
Figure 4.1), supply the drive currents for the rotating 
magnetic field. Four signals (positive and negative X and Y 
waveforms) are sent to the CPD from the MBM Controller. The 


appropriate durations and phases must be maintained in order 


Ze 


to control the rotating field that moves the bubbles (see 
Figure 4.2) [Ref. 9: pp. 6-11 - 6-12]. 
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Figure 4.2 CPD Logic epiagean- 


The heart of the system is the MBM Controller (BMC). it 
is the interface between the memory module and its host. 
The Controller provides all required timing signals. Te 
converts the serial data from the FSA FIFO to parallel data 
and, conversely, changes parallel data to serial. Figure 
4.3 shows the ten functional blocks er cic Conteor em A 
brief discussion is given for each of these functional 
blocks: The reader is referred to [Ref. 9] for a more 
detailed account. 

The Power Fail and Reset (Block 1) is self-explanatory. 
When activated, the Controller resets the bubble system in 


an orderly manner. 


26 


MESET =————~! ABOAT and 
AELET OV! 


eves._e ae es) 
BOnAL 
O€COOER SwaPrtn 
8001 Swen 
SrieT CUR 
$v mC 


BOOT OOP 
Orcooew# 


EMCOOER ] 


IMTERRUPT 
roac 6 


ate 


Dace OAD INT 





Figure 4.3 Ten Functional Blocks of the Controller. 


The Sequencer (Block 2) encompasses the WAIT, DET.ON, 
and ERR. FLG commands. A step-by-step procedure must be 
followed by the BMC when one of these commands is given. 
Within the Sequencer is an internal ROM that contains the 
pre-programmed instructions used to implement the various 
commands. Once a command is given and decoded, the 
Sequencer steps through the instructions pertaining to that 
eemmand (Ref. 11: p. 21). 

The System Bus (Block 3) interfaces the Controller with 
the host. Commands, status information, address, and data 
are sent via these lines. In order to Know what type of 
BUMCtcION it is to perform, the Controller's register file 
must be supplied with specific information (Block 9) before 


any type of data transfer can take place. The transfer of 


74g 


this information is done on the 8=-bit data bus with bit four 
set to zero. Figure 4.4 lists the six registers that must 
be addressed. The 4 Mbit Controller, 7224, does not make 
use of the Utility Register (UR). The Block Length Register 


(BLR)determines the system page size and the number of pages 


to be transferred. The Address Register (AR) defines the 
page on which the transfer of data is to start. The Enable 
Register (ER) defines the modes under which the transfer 


will take place, l1.e., interrupt, polled, or DMA. In Figuige 
4.5, mote the BLR and AR require two eight-bit codes, one 
pertaining to the most significant bits, the other to the 
least Significant bits. Eleven of the bits available in the 
BLR hold the value for the number of pages to be transferred 
and provide the user with the possibility of transferring 
from 1 to 2048 pages. If more than one MBM is connected in 
parallel, the width of a page can be increased, 1.e., 64, 
T2385 256, 512, Cicer The four most significant bit posiltiems 
hold this: imformacion: The four most significant bits of 
the AR are used in conjunction with the BLR to control the 
serial selection of bubble memories or a group of memories. 
The remaining eleven define on which page the transfer is to 
stare | Ref. 72 pp. V7 Oe. 

When data bit four is a one, the information is decoded 
as a command. There are sixteen commands used by the BMC, 
(See Figure 4.6) The four most common commands are ABORT, 
INITIALIZE, READ BUBBLE DATA, and WRITE BUBBLE DATA. Those 
commands pertaining to the bootloop are used only for diag- 
nostic purposes. The remaining commands provide other 
options available to the user and are described in [Ref. 9]. 

Information about data manipulation, such as page size, 


mode of operation, pages being transferred, etc., is stored 


in the parametric registers. The AQ line is held high 
during the programming of these registers. Once all of the 
required information has been passed, the AO line goes low 


and the BMC is ready to transfer data. 
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Figure 4.4 Six Parametric Registers. 


Block 4, Bonawselect Logic, contains the logic that 
controls all communication between the BMC and the FSA. As 
mentioned, the serial FIFO of the FSA receives information 
from and sends information to the FIFO of the BMC. The 
timing of this transfer is an important factor and is 
controlled internally by the FSA Logic Block. 

mae PIFO (Bleck 5) has the@eimportant function of 
settling timing differences between both the host interface 
and the BMC and between the FSA and the BMC. The EPTES is 
dual ported, i.e., it can be written into and read from 
simultaneously. The maximum amount of information it can 
hold at any one time is 40 bytes. While the BMC is 
executing a command, it functions as a data buffer. 
However, when the BMC has completed transfer of all 
commands, the FIFO performs as a general-purpose FIFO. As 
shown in Figure 4.4, the FIFO is automatically addressed 


after the last of the six parametric registers has been 
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Figure 4.5 Parametric Register Organization. 


written to, thereby signalling that the BMC is ready for a 
data transfer. 

Block 6 is concerned with the type of transfer to be 
used in recording data. The MBM can operate under three 
different modes: 

ae Polled, 
Zi Interrupt driven, 
3. Direct Memory Access (DMA). 

Polled Transfer is the easiest mode to implement with 
the MBM. It is, however, the most time consuming in rela- 
tion to microprocessor overhead. Interrupt driven transfer 
requires less microprocessor overhead. This mode also 
permits transfer of data in blocks of information. The DMA 
mode is the one that will be used in the NPS GAS experiment. 
There 1S no microprocessor overhead in a DMA transfer, and 


it 1s the fastest mode in transferring data to the MBM. The 
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Figure 4.6 Commands Used by Bubble Memory Controller. 


BMC operates in a standard twoeway handshake protocol, 
utilizing the DRQ and DACK lines found in Block 6 (see 
Figure 4.3). 

The Bubble Signal Decoder (Block 7) contains all the 
logic needed for generating all MBM timing signals. Lees 


comprised of a three-stage counter, a decoder, and synchro- 


nous latches. The first stage of the counter is a divide- 
by-four counter. The second stage, a divide-by-twenty 
counter, produces the field rotation frequency. For 


example, since BMC requires a 4 MHz clock, the output of the 
first stage is at 1 MHz, while the output of the second 
stage is at a 50 kHz rate. Any of the clock edges that 
eccur during one complete cycle can be used to set and reset 
MBM signal latches. The TM.A and TM.B latches go to the CPG 
and determine the pulse widths for the generation and repli- 


cation of bubbles. 


ull 


Block 8, MBM Addressing Logic and RAM, contains two more 
user-accessible registers, an adder, andthe MBM address 
RAM. This RAM stores the nexteavailable logical page 
address for each MBM. 

Finally, the DI/O Bootloop Decoder/Encoder (Bliock 10) 
performs parallel -to-serial and serial-to -parallel conver- 
Sions between the FIFO data and the serial bit stream on the 
DI/O line. The BUSRD signal, also generated here, isa 
Signal used to indicate the direction of the data transfer. 
The third function of this block contains Ehe circuitry eae 
decodes the bootloop data during a READ BOOTLOOP operation 
and encodes it during a WRITE BOOTLOOP operation [Ref. 11: 
Pee e20leaZ Wik 

As is apparent, interfacing the MBM module to its host 
is an involved task. Timing is of great importance. 
Generation of pulses and rotating current fields must be 
accomplished. And, finally, circuitry is needed to trans- 
form digital data to magnetic, and vice versa. The CuPpvemd 
state of the art in bubble memories solves most of these 
problems for the user. The greatest obstacle is found in 


producing correctly coded software. 
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V. DESIGN OF PRE SSDR 


Before attempting to design the solid state data 
recorder for the NPS experiment, a prototype was built using 
the 1 Mbit MBM device. This made it possible to become 
familiar with both the hardware and the software of the MBM. 
The main goal was to prove the concept that the MBM could be 
used as a viable recording medium. Dmhe first wsection of 
this chapter briefly describes the design and programming of 
the 1 Mbit device as a mini recorder. The second section 
describes the 12 Mbyte data recorder used in the GAS experi- 
ment. The third section addresses the limitation and 


possible alternatives to this design. 


ma |6CPROTOTYPE 


Before incorporating an MBM into a system it is neces- 


sary to choose the mode of operation, (2. Cay Polled, 
Interrupt driven, or Direct Memory Access), the level of 
complexity, and flexibility required for the software 
drivers. 


Since the prototype's function was to sample a sine wave 
of 1000 Hz frequency or less from only one channel, the 
Polled Mode (PM) was chosen. Sampling at the Nyquist 
frequency and using only one channel, provided ample time to 
perform all the operations needed when using the MBM. 
(Note: By increasing any part of the system, i.e., bubble 
memories, channels, Stcr a faster mode would have to be 
chosen, which would result in improved performance. ) 

The complexity of the software was Kept to a minimum, 
therefore flexibility was restricted. The reasons for 
designing a prototype were threefold: 

Peeeeatn cant itardey with the MSM and its compontents, 


2. prove it could record and play back accurately, 
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3. increase the design to the size required for the GAS 
experiment. 


The basic operation for the 1 Mbit device is to sample 
the waveform through an analog-to-digital converter (A/D), 
store the data in the MBM, upon command, play back recorded 
waveforms through a digital-to-analog converter (D/A). The 
major components used to perform the three operations are 
the Analog Devices’ A-D 570, Intel's 1 Mbit 7110 MBM, and 
National Semiconductor's DACO800 D-A. 

A dual trace oscilloscope was used to compare the accu- 
racy of the recorded waveform to that of the one being 
played back from the memory. A signal generator provided 
the signal. 

In the Polled Mode, blocks of data can be transferred 
into the MBM as long as the parametric registers in the BMC 
have been programmed accordingly. The DRO line from the BMC 
Signaled the microprocessor that the MBM was ready fora 
data transfer. 

As explained in Chapter 4, the MBM is written to in 
pages, each page containing 64 bytes (68 bytes without error 
checking). The total amount of pages recorded at one time 
is established under software control. The initial draft of 
this software transferred one page at a time. Two temporary 
storage areas, each 64 bytes in size, were reserved in RAM. 
As one area was filling with data samples, the other area 
was being sent to the bubble. Timing was found to be 
extremely critical. After the recorder worked successfully 
for one page, the number of pages was increased until the 
record process failed. The maximum number of pages success- 
fully transferred was found to be 270 at a sampling rate of 
Je A Salva 

Power failure is a concern in any system design. 
Writing the software so that data transfers of one-page are 
performed, ensures that the minimum amount of data will be 


Lost. Whatever has been stored in the MBM will remain 
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macact, but whatever bas Seemmestoned in RAM Swill be lost. 
As a consequence, storing a greater number of pages in RAM 
results ina greater data loss. 

Recalling that communication is not carried out directly 
with the MBM, interfacing it with the host microprocessor, 
requires that specific procedures be followed before any 
data transfer can take place. In order for the BMC to 
prepare itself for any further instructions, it must receive 
an ABORT command, followed by an INITIALIZE (INIT) command. 
Once these commands are accomplished, the BMC's parametric 


registers are loaded in preparation for the upcoming data 


transfer. The eight-bit command/status port can be polled 
to determine whether a successful operation has been 
performed. If the operation has failed, the OP-FAIL bit 


will be set; if it has succeded, the OP-COMPLETE bit is set. 


Initializing the BMC before writing the parametric 


megtccters sets the BMC to a known state. This command 
results in resetting the support components, placing the 
bubble at page zero, and enabling the error correction. ies 


the start of a record process is designed to start at a page 
other than page zero, then the desired page address must be 
reflected in the information supplied to the address 
register of the parametric registers. The block length 
register must be programmed with the number of channels to 
be used and the number of pages to be transferred. 

The software program of the prototype made available to 
the user a menu which displayed a number of options’ to 
choose from. These options included: 

1. Setting the sample rate, 
Sampling without recording, 
Record, 

Playback, 
Initialize the bubble. 


Mm Be W ND 
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Upon selection Of an ODELOn ene program immediately 
executed it. Option 5 had to always be performed first. 
Additionally, the same sample rate chosen for RECORD had to 
be used for PLAYBACK. Option 2 was used primarily to estab- 
lish the successful operation of the A/D and D/A. 

Tests were performed on the 1 Mbit device. These tests 
included turning off power, changing the frequency of the 
sampled waveform while recording, changing the waveform 
itself while recording, and attaching a microphone/speaker 
arrangement in order to record a signal other than a pure 
Sine wave. In all cases, the MBM performed successfully. 
It did not lose data when power was removed. It followed 
the changes in frequency and waveform with only a small 
phase shift due to the time delay. There was, however, 
distortion in the sound recording: This was due in part to 
the low sample rate and to the quality of the microphone and 


speaker being used. 


B. SOLID STATE DATA RECORDER (SSDR) 
The final design of the SSDR has the capability to store 
twelve mega-bytes (twenty-four four-megabit prototype MBM 


cards) of data. The 8085 microprocessor is at the heart of 
the system. A basic block diagram--a "generic" data 
recorder--can be found in Figure 5.1. Subsection se 


describes the SSDR as a general purpose data recorder. 
Subsection 2 describes how this general purpose recorder was 
adapted to the NPS GAS experiment. 

As in the prototype model, the desired information is 
sampled by the A/D device. The digitized information is 
then temporarily transferred to a RAM buffer. Upon request, 
the DMA will gain control of the bus and perform the data 
transfer from the buffer to the MBM where it will be stored. 
The ideal data transfer rate of the four-megabit (4 Mbit) 
MBM is 25 Kbytes/sec [Ref. 7: pp. 3-4]. Due to an internal 


delay known as T=-SEEK, the maximum obtainable data transfer 
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EYgGure ot. Generic Data Recorder. 


rate varies. .T-SEEK is defined as the amount of time 
between the issuing of the READ (or WRITE) command to the 
MBM and the MBM locating the page to be read (or written). 
T-SEEK can range in values from 20 microseconds to 163,820 
microseconds with an average of 81,920 microseconds. 

By disguising T-SEEK so that the SSDR does not "feel" 
its effect, i.e., have an inherent delay everytime a READ or 
a WRITE occurs, and by using a buffer 32 Kbytes in size, the 
data transfer rate of 17 Kbytes/sec is obtained. T-SEEK is 
disguised by using a hardware comparator. Calculations were 
performed to find at what RAM buffer location a WRITE 
command needed to be issued, so that, by the time a full 
Storage area of the buffer was filled, the MBM would be 
ready for the data transfer. A comparator was then 
connected having the same address as that location. Upon 


addressing this location, the comparator generates the 
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appropriate interrupt, signaling the 8085 to issue the WRITE 
command (see Figure 5.2). If it were feasible to increase 
the buffer to store a full 4 Mbits of data, and by the addi- 
tional elimination of T-SEEK, the ideal data transfer rate 
of 25 Kbytes/sec could be achieved. 


same 
address interrupt 


32k RAM 


oe 
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ae General Purpose SSDR 

The SSDR has the following characteristics. The 
Sample rate is fixed at 2.5 KHz. As a result, (and due to 
the T-SEEK/buffer limitations) the maximum obtainable data 
rate for one eight-bit channel is 17 Kbytes/sec. 

The MBMs are adaptable to a power switching configu- 
ration, therefore the active MBM card need only be the one 
being written to or read from. Power consumption is kept to 
a minimum by the use of a custom designed power switching 
card, the "ECARD," (see Appendix A. ) Thus, power is 15 


VWiatts total for this desi cn: The maximum storage capacity 


ao 


is 12 Mbytes. Baseline record time (i.e. one channel, 8-bit 
resolution) is 83.9 minutes continuous recording. 
2. Adaptation of the SSDR to the NPS GAS Experiment 

The following is a description of how the general 
purpose SSDR is configured to fulfill the requirements of 
the NPS experiment for Shuttle. 

51x eight-bit channels are required to obtain all 
the data. An in-depth study was performed by students 
working on the acoustic section of the experiment to best 
determine how to implement these channels and is not 
discussed in this thesis. The results are that three micro- 
phones and two accelerometers are connected to five A/D's. 
The A/D's have up to sixteen data lines from which to obtain 
information. Since the SSDR has only eight-bit resolution, 
the acoustic group also determined which of the sixteen 
lines would be connected to each eight-bit channel. The 
A/D's are then strobed synchronously to prevent any time 
delays encountered when analyzing the data. Once strobed, 
the channels are read using time division multiplexing 
(TDM), always reading the channels in numerical order, (see 
fmmere 5.3). The maximum obtainable data rate at fame as 
for the six channels is 15 Kbytes/sec. 

The full 12 Mbytes of storage will be utilized. fThe 
organization of the memory is accomplished in the following 
manner under software control. (Appendix B provides the 
software code used to run the Sei) Three record options 
are available to chose from and they are SWEEP, SCROLL, and 
LAUNCH. SWEEP is to be performed prior to launch. A tone 
will be generated by a voltage controlled oscillator (VCO) 
starting at 25 Hz and stepping up to 1000 Hz at 1 Hz inter- 
vals. This will be done in order to excite and record the 
fundamental acoustic modes in the STS cargo bay. seventeen 
of the twenty-four MBM cards are required to store this data 
and will take 16.5 minutes. The recorder will then go into 


a standby mode awaiting its next command. 
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Fi GuresS..3 Basic Channel Configuration. 


SCROLL, the next record option, will be initiated by 
the powering up of the Auxiliary Power Unit (APU) on the 
Shuttle. This initiation process is done by the use of a 
matched filter and is the topic of a thesis written by LT D. 
W. Jordan, USN, titled A Matched Filter Algorithm for 


Acoustic Siqnal Detection. During SCROLL, two MBM Game 
will be continuously recorded on until launch. This Optien 


provides the capability to capture the very important infor- 
mation otherwise lost should the record process be initiated 


by a detection of the launch itseleé£. 
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Once launch is detected, however, the recorder will 
transition immediately to the first of the remaining six MBM 
cards and record the information to be obtained before the 
Shuttle leaves the earth's atmosphere. At this point, the 
job of the data recorder is complete and it will be shut 
down, retaining the data for analysis when it returns to 
NPS. The total record time for the SSDR is 21 minutes. Lt 
should be noted, however, these options do not have to 
follow consecutively, 1.e. should the matched filter not 
function properly and alaunch is detected, the data 
recorder will jump to the specified MBM card and record the 
remainder of the launch. The determination of a launch is 
not done by the SSDR and is not a topic discussed in this 
thesis. POomemonc Jac Ormarl on concerning thevcontrol of the 
experiment as a whole, the reader is referred to a thesis 
Mertten by Lt J. W. Wallin, Ven titled MNieroprocessor 
Controller with Nonvolatile Memory Implementation. 

Bis Limitations and Alternative 


some of the limitations of this design are a result 


of the prototype MBM card used in the experiment. ee 
example, the 43 byte FIFO in the BMC limits the data 
transfer rate. One reason the FIFO exists is to smooth out 
timing differences between the host and the MBM. Only 


having 43 bytes for the buffer has proved to be inadequate. 
INTEL has since built the 4 Mbit device with a 128 byte 
Pr ©. 
The performance of a particular bubble memory device 
ultimately is a function of three factors, 
1. the number of storage loops, 


ey gue number of stoarge locations on those storage 
oops, 


3. the frequency of the rotating magnetic field (coil 
frequency). 


The throughput, which is number of bytes/sec, is directly 


proportional to the number of storage loops and the coil 
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frequency. The time to find a particular page of data 
(T-SEEK) is directly proportional to "Che mumber Of Stem 
locations and inversely proportional to the coil frequency. 
Power is directly proportional to the coil frequency. 
Increasing or decreasing any of the three changes’ the 
performance and trade-offs must be made. 

The 8085 microprocessor 1s an 8-bit device. 
Designing the SSDR to perform with a 16-bit device or a 
32-bit device, would enhance the resolution and provide for 
data throughput of up to 272,000 Mbytes/second. For more 
information on a 32-bit design, the reader is referred to Lt 


T. J. Frey's thesis, A 32-bit Microprocessor Based Solid 





State Data Recorder for Space=-based Applications. 
The SSDR is limited to 12 Mbytes of storage. This 


is partly due to size, weight, and power constraints of the 








GAS container. It is also limited to this size because of 
the use of the prototype MBM card. Using "off the shelf" 
components benefitted the GAS experiment as far as time and 
money was concerned, however, flexibility was affected. 


An alternative, not only for the MBM card but for 


the SSDR as_ a whole, would be to custom design a card 
enabling the BMC to control more than one MBM. The BMC can 
control up to eight MBMs at one time [Ref. 9]. For further 
information the reader is referred to Lt. B. A. Campbell's 
thesis, A Digital Recording System for Space-based 


Applications Utidezang Four=meqabit Magnetic Bubble 
Memories. 


The NPS GAS experiment is scheduled to fly in 1986. 
Analysis of the data and performance of the SSDR is another 
phase of the experiment as a_ whole. The scope of this 
thesis concentrates solely on the MBM and its implementation 
into a data recorder. Because of the MBM's inherent hard- 
ness to radiation, ruggedness and reliability, its future 
use in space-related or space-born systems should not be 


underestimated. 
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APPENDIX A 
SCHEMATIC OF THE SOLID STATE RECORDER 


A. POWER SWITCHING CARD (ECARD) 
eee | 





INT? 
ora, 
naa 

ee 

ea 
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sC Psi 
8) A ORS Ly 





eae 

' i =eL7 
a onesey 
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eee) 
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fi 
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ENG ANEER: PRGE: 
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ney Wickes 
Ecard. Bubtiea® 


ENGINEER: 
D'Ercoe. 1.04. 
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OT 


DATE: 

24 JAN 86 
PAGE: 

2of 4 









om € 


D7? 
Tt a alate DATE: 
& Ecard. Bubbtel 24 JAN 86 
ENGINEER: PAGE: 
D*Ercole, T.M, 3 of 4 





495 





TITLE: DATE: 
Ecard.Fet Switch 24 JAN 86 

ENGINEER: PAGE: 
D*Etcole, T. MM: 4 of 4 
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CONTROLLER CARD (MICROPROCESSOR/DMA ) 






xt 
MDA |) HDA LR MR WR 
ao |] ERS BS AoY fe 
Lis REST ALZ PS 
RESO RESO Ala Ae 
sop ALL AZ 
SID ALS AD 
c TRAP RI AL 
RST? | RST? ORE ae 
al RST6 AD? DB? 
RSTS RSTS ADS DBS 
INTR ADS DBS 
INTA ADS DB 
ALE. ADS DB3 
love ADS D2 
Si ADL DB1l 
S2 ADS DBS 





SD BLS CONTROL 


SD BS ENABLE 


BD BUS CONTROL 


BD BUS ENABLE 






SYSTEM DATA 
SYSTEM HIGH ADDRESS 
SYSTEM LOW ADDRESS 


eo 
; 
; 
: 


MEMORY WRITE NOT 
MEMORY READ NOT 
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x System Data Bue Enabie 
=> eS 
System Data Bus Control 
Bubdia Bus Control 
Tor, mi 
PCI Seiect 
oe ~~ 


PIT2 Select 


PIT1 Select 





Local AS ot PPI2 Select 
eee, 
. J ca 
Local As ee eee = ee PPI1 Select 
eral 
Local -S es oe oe IMA Saiact 
ia a 
Local AG SG 
exe) 
Local A? = ee Buddle Data Bua Enapie 
PEN 


Bubdie Data Bus Control 





Local A13 boise 
vr 
xX) 
Local Al4 . st") 
pad a9) 
Local ALS PX 
ie 
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PIT: SELECT 







RS232 


Terminal 





Interfaca 


BERTRHRIGLOKES, 


BERRPRRIS2ObS 


TATeS: DATE: 
BUB I70 1 FES 1966 


™ : : 
CATOD = ANALOG TO DIGITAL CONVERTER)? ENGINEER: PAGE: 
2’ ERCOLE 3 of & 


49 








30 


. H 
4p 





im 
dd Sod Sof 


4 
ry 


ee 
| rt sae 


Cdadgd¢eqgaggeged da ¢ sg 






Ne enor onenn-o 


! 
aa 


ol 


ie 
Te 





O2 





=e 


= ¢ 


oe we we we 


’ 
STACK 


y 
DERLES 
TEE les 
Pee les 
TEPLPC 
2S 3B 
trol tt 


) 

EPIRA 
Bele e 
PEEP C 
FP TCS 


’ 
CONDATA 
CONSTAT 


’ 
ATCD 
DTOA 


’ 
CR 
LF 
ES 


) 
TXCNT 


’ 
PAGEZ 
PAGE1 


APPENDIX B 
SOFTWARE CODE 


EXTRN INFOEL ,RDEUEL,WREUSL,EICTMP 
ENTRY BUBNUM,RDDTMP,WRDTMP,RDSTMP ,*¥RCTIMP 
CSG 


SOLID STATE DATA RECORDER PROGRAM 
FCR 4-MEGAFIT BUBELE MEMCRY BCARD 


EQU Q ;STACK POINTER LOCATION 

ECU 128 STIMER CONTREOL/STATUS PORT 

EQU 118 s;3UBBIE POWER PORT 8255 

EOU 128 ;EUBBIE SELECT PORT 8255 

EQU 138 ;NOT USED 

ECU 148 >TIMER-LEAST SIG. BYTE 8155 

EQU 158 TTIVMER FOST SIG. FYTE e155 

EOQU 208 ;PROGRAMABLE PERIPHERAL INTERFACE POET A 
EQU 218 ;FROGRAMARLE PERIPHERAL INTERFACE POST PB 
EQU 228 ;PROGRAMABLE PERIPHERAL INTERFACE PCRT C 
EQU 235 ;PROGRAMABLE PERIPHERAL INTERFACE STATUS 
EQU ZH ;CONSCLE DATA 

EQU 318 ;CONSCLE STATUS 

FOU —s- WC LLOE TANALCGCG TO DIGITAL ADLIFESS 

EQU ' @CO@1E sDIGITAL TO ANALOG ALIRESS 

ECU vDB ;CARRIAGE RETURN 

EQU @AH ;LINE FEED 

ECU QEB ; PACK SEACE 

EQU 1203 ;sNUMBER OF BLOCK TRANSFEES 

ECU VECRLE ;RAMW AREA @ (2K X 64 EYTES) 

EQU Q@EEQOH ;RAM AREA 1 (2K X 64 EYTES) 


9 
»TABLE OF RELATIVE ADDRESSES OF VARIABLES AND JUMP VECTORS 


’ 
RAM 


RAMTABL 
ASOD IM P 
DICATMP 


COUNT 

BUENUM 
RUITME 
WRITMP 
RDSTMP 
WRCTMP 
INTVEC 
RAWMALT 


FOU QGECOOH *>BEGINNING ADDRESS OF RAW 

EQU RAM »EBEGINNING OF RAM TABLE 

EQU RAMTABL+1008 yA TOSD TEMPOCHARYS STORAGE ADDRESS 

EOQU APEDIPE+2 *>D TC A TEMPORARY STORAGE ADDRESS 

FQU DUCAIME +2 7# OF 54 BYTE PAGES TRANSFERED AS A BLOCK 
EQU COUNT+2 »sCURRENT BUSBLE BEING USED STORED HERE 

ECU BUPNUM+2 pIURrOVEGLOR CPE TO READ CURRENT SUBERLE 
EQU RECT Pe sJP VECTOR CME TO WHITE TO CURRENT BUEBLE 
EQU @RDIMP+C *JP VECTCR CMD TO READ STATUS CURRENT BUEBELE 
EQU RESTME+S 9JP VECTOR CML TO WRITE COMMAND BUBBLE REG 
EQU WRCTMP +3 37.5 INTERRUFT VECTOR CMC 

EOU INTVEC+S *;CURRENT RAM ADDRESS TC READ OR WRITE FROV 


oo 


FAGFUL CU 
LEINUM ECU 
DMANUM EQU 
DOCHK ECU 
BUECART FQU 


RAMALDD+2 
PAGEQL+1 
LEINUM+1 
CV ANUM+1 
DOCHK +1 


3 
sSOFTWARE INTERRUPTS 


’ 
BOCT: JMP 
DS 
RS TR 112 mE 
DS 
ROtR tes ITE 
DS 
RSTRT3S: JMP 
DS 
RSTET4: JMP 
DS 
PAYPAL JE? 
Bs 
Ro Rio «adil 
DS 
RS TRTes2JMP 
DS 
Rolin bes Jr 
DS 


S150 30 
5 
INEUBL 
5 


RD EUEL 
3 
#WRBUBL 
2 

BOs 

iE 
DOTRAP 
i 


DOS 


1 
POLS=s 
1 

DCE 

i 


sfLAG BYTE FOR PAGE EITEER EMFTY OR FULL 
sFLAG BYTE FOR LEL EITEER ON OR OFF 

;CURRENT BUBBLE [TMA IS WCRKING W/ STORED EEKz 
sINT VECTOR BUBELE SERVICE ROUTINE 

+>MAX # OF EBUB CARS AVAILABLE TO SYSTEM 


,JUNE 
+JUMNP 
+JUMP 
Jute 
+ JUMF 
> JUMP 
+ JUMP 
»JUMP 
> JUMP 


TO 
TO 
TO 
Te 
10 
TO 
TO 
TC 
T-0 


START OF PROGRAM 
INITIALIZE EUEELE 

READ EUEFELE 

WRITE BUBBLE 

DATA ERROR TEST 

POWER FAILURE ROUTINE 
LATA ERROR TEST 

EXTERNAL TRIGGER RCUTINE 
CLEAR RAM EUFFER 


’ 
>INTERRUPT 6.5 INITIATES THE SERVICE ROUTINE WHICH CEECKS TEE CURRENT 
ERROR INTERRUPT Oh OF-COMPLETE 


> EBUEELE FOR AN 


j 
RSTRIS5: FOP 
IMP 
RSTRT7: JMP 
DS 


E 
DOCREK 
DO*% 

i) 


,SAVE REGISTER E-C 
;JUMP TO CHK BUBBLE INTERRUPT OR OP-COnP GE es 
*JUMF TO 7.5 SERVICE ROUTINE 


’ 
»INTERRUPT 7.5 INITIATES TEE ANALOG TC DIGITAL OR DIGITAL TO ANALOG 
sSERVICE ROUTINE WHICH EITHER SENDS CR RECEIVES A EYTE FROM THE RAW 


’ 
RS TRI t sor 


’ 


’ 

SYSTEM: 
cl 
LXI 
VI 
CALL 
CALL 
LXI 
CALL 


INTVEC 


Sr yoLAck 
ac 
DELAY 
INITEW 
D,MENU 
PRINT 


>JUMP TO SERVICE ROUTINE 


»START OF 


THIS PROGRAM 


’ 

»THIS ROUTINE INPUTS A CHARACTER FROM THE CONSOLE AND ECEOES IT BACK TO THE 
»CCNSOLE. IT DETERMINES WHAT FUACTICA IS TO BE PERFORMED BY POINTING THE 
»>PROGRAM COUNTER TO THE PROPER JUMP STATEMENT LOCATED AT THE SYSTEM TABLE 


;(SYSTEL). 


o4 


THE PROGRAM UNDER NORMAL OPERATION RETURNS TO THIS ROUTINE. 


AGAIN: 


LAI SF Ack 
CALL CONIN 
rales CA 

CALL CONOUT 
vOV Ao 

CPi "2° 

JM ERROR 
CPI re 

JP ERROR 
SUI “2° 

Poy C,A 

ADD A 

ATD C 

VOV C,A 

XRA A 

MOV B,A 

LXI H,SIsSTBL 
TAD B 

PCHL 


; 
»OYSTEL IS THE BASE ADDRESS FCR THE JUMP ROUTINES. JUMPS ARE SELECTED BY THE 
»AGAIN RCUTINE USING SYSTBL. 


3 
Sr STEL: ; INDEX ADDRESS BY 2-7 
JMP SYSTEM 
JMP ped 
JMP p02 
JMP DO3 
Jvep DO4 
JVP DOS 
IMP DOE 
Jme DO? 


’ 
>THIS ROUTINE IS USED IN THE EVENT THE OPERATOR ENTERS AN INVALID 
sCHARACTER AT THE CONSOLE. 


’ 

ERROR: 
LXI Der oGcl 
CALL PRINT 
Lil D,MENU 
CALL PRINT 
JMP AGAIN 


START OF SYSTEM ROUTINES 


we Wt we we 


»EACH RCUTINE CORRESPONDS TO THE NUMBER SELECTED IN THE MENU. EACH MAIN 
;ROUTINE IS NAMED IN THE FOLLOWING FORMAT DO’#’, WHERE “4° IS THE NUMBER 
sOFLECTED ON THE MENU. ALL SUPPCRT RCUTINES TO THE MAIN ROUTINE WILL BE 
SLESIGNATED BY DO’#”(ID), WHERE ID IS THE SPECIFIC SUPFORT RCUTINE 
»DESIGNATOR. 
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’ 
Hol: 
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LXxI DeoGe 
CALL PRINT 
CALL CONIN 


MOV C,A 
CALL CONCUT 
MOV Ane 
CFI “Oi 

Jv FRA1 
GEI “4° 

JP ERR1 
Sur =O. 
Oy C,A 
ADD A 

ADD C 

MOV oy: 
XRA A 

vCV B,A 
LXI E,loaleb 
DAD B 

FCEL 


} 

sCOLTEL IS THE BASE RADLRESS FOR TER JUMP ROUTINE THAT Soh iseoeeclric 
»SAMPLING RATES. A SPECIFIC JUMEF IS SELECTED BY THe DO1 ROUTINE 
sUSING LOITBL AS TBE BASE ALIDRESS. 


’ 
TOIT. 


es P01e 
dice DO11 
JP T012 
Jr D013 


’ 

;’C1@, DCil, DO12, [O1iS, ARE THE SPECIFIC RCULDINES SEPEC Tepe ioe voller 
sJUMPS. ONLY ONE IS INVOKED AT ANY ONE RON. THE Ble Phe uPe rs Leap 
sWITH TEE NUMNPER CF CLOCK CYCLES BETWEEN SAMPLES. TRIS PROGRAM [5 SET 
»TC RUN WITH A CLOCK RATE OF 4ME2. 


’ 
LO18: 
: IX! BE ,E@¢e 
IMP DONF1 
COik: 
Ex A,420¢ 
JMF DONEI 
bOa2: 
EL B,135@2 
JP DONE1 
EOte 
1 Ge E,E&@¢ 
JMP DONE 


’ 

7CONE] ICADS THE OUTPUL ALDAESS CP THE D TO AUIUIC DTCs Ni sOUneO roe 
sNUMEER CF CLOCK CYCLES BETWEEN SAMPLES INTO THE COMMAND REGISTER OF TEE 
pG@152. IT WILL START IMMELIATEDLY AFTER LOADING. AT TERMINAL COUNT IT 
>wILL SEND THE NECESSARY INTERRUFT FULSE 10 TEE 7.5 INTERRUEFT OF THE 

, e062. 


26 


Ee ——_ eee 


‘ —— 
en 


TONE1: 


cl 

MVI A,€QR 
STA DICA 
“CV Aik 
OUT TLS3 
MOV A,B 
OFI eC@B 
OUT TMS BTM 
VVI A, 2COE 
OUT “TPPICS 
LXI D,MENU 
CALL PRINT 
JMP AGAIN 


INTS TO THE CONSOLE WHEN AN UNAUTECRIZED CHARACTER [S RECEIVED 
AUD ENTRY, TRY AGAIN! 


on 
c 


fac] Moo wwe we we 
og 
mn 
i) 


Lo Do Gl 
CALL PEE 
Jt DC1 


3 

>THE SECOND MAIN RCUTINE INITIALIZES A BUBBLE. TEBE SPECIFIC BUBBLE IS 
;SELECTED BY THE USER AT THE CONSCLE. IT RETURNS TO TEE CONSCLE WITE AN 
MeOGPPRATICN CCMPLETE OR INCOMFLETE. IN INCOMPLETE [7 WILL ALSC GIVE 
;THE RESULTS CF TEE BUBBLE STATUS REGISTER. THIS ROUTINE USED BASICALLY 
sTPE SAME ROUTINE TO INPUT DATA FRC TEE CONSOLE AS DOES ROUTINE DOl. 


} 

bee: 
DI 
LXI U,rscsS 
CALL PRINT 
CALL CONIN 


ee C,A 
CALL CONOUT 
Gy A,C 
Crt "@’ 

JM ERR2 
CFI sea 

JF ERR2 
SUI “O° 
VCY C,A 
ATT A 

ATD C 

vOV C,A 
XRA A 

MOV B,A 
Del Bywee.oL 
DAD E 

FCHI 


? 

Poteet 15 THE BASE ADITRESS FCR THE JUMP ROUTINES THAT INITIALIZE A SPECIFIC 
sEUBELE. THE SPECIFIC JUMP IS SELECTED BY THE DO2 ROUTINE USING DO2TBL 

sAS THE BASE ADDRESS. THIS PROGHAY IS CAPABLE OF SELECTING 1 OF 5 SPECIFIC 


4 


+ RUG ote. 
jot LeCT ee Or 24 


, 

PGeonLs 
Ive 
JMF 
oar 
SE 
JMP 
IMP 


} 
*THIS ROUTINE TURNS OFF THE 


’ 

EC2¢2: 
Lii 
SELD 
vy I 
OUT 
aig 


} 
; (NIALL IZAT GCN 
; 
EO ci 
1 Gil 
“VI 
JMP 
; 
SINT TIALIZATIGN 


9 
bGae: 


Dx 

MVI 

JMP 
j 
IML TISULEZATICN 
; 
Boze: 

Ex 

ey 

JvP 
; INT TLALIZATION 
} 
POZA. 

LXI 

MVI 

JME 
; 
PINITISCIZATICN 
j 
LOze: 

EX) 

MVI 
; 
»>LONEZ 


FOF TEEsSeace 


INITIALIZES THE BUBBLE CARD 


SEUTILE DATA HECORDSGH Dare 
EUeLES.: 


WILE Ex ENBANCED GIG 
Syl es 108 


DOze? 
D021 
Dee 
D025 
D0z4 
Boze 


POWER LIGHT (LED} TO A SPECIFIC BUBBLE 


BE yCOr 
Seen 
A,@@H 
Pe EDA 
DONE21 


ROUTINE FOR BUBBLE #1 


H,@e@3 
A -C18 
DONE2 


ROUTINE FOR BUBBLE #2 


Bi sigee 
AGZeu 
DONEZ2 


ROUTINE FOR BUEBLE &e 


Hees 
A ,@48 
DONE2 
ROUTIN FOR BUBBLE #4 
Ho@eg 
A,@@B 
DONE2 


ROUTINE FOR BURELE #5 


B,@48 
A,1@8 


INDICATED BY REGISTER PARI H-L. IT 


o8 


sALSC SICRES THIS 3-L IN BUENUM TO PE USEI LATER AS AN OFFSET POINTEE 
»IN OTHER ROUTINES. 


9 
[TCNEZ: 


Seb) BUENUM 
CUT PrecrA 
CALL BLO LMP 
LXI Sel AG Lao 
CALL INEUEL 
MOV B,A 
XRI 4QB 
JNZ INTER 
LXlI LY ,MSG4 
CALL PRINT 
JM? DONE21 


; 
STEIS ROUTINE PRINTS “OP-FAILED” IF INITIALIZATION IN ECUTINE DONE2 DOES 
sNCT WORK. 


? 

INTEFFR: 
MOV A,B 
GALL Sanus 
EX! DeYSG5 


CALL FRINT 
’ 
PoEcCRNS TO MENU UPON INITIALIZATION. 
; 
TONE21: 


[XI eG 
CALL PENT 
JMP AGAIN 


’ 
SPRINTS TO CONSOLE wHERE AN UNAUTHORIZED CHARACTER IS RECEIVED IN DO2. 
PRETCRNS TO MENU TC INITIALIZE A SPECIFIC BUBELI. 


’ 
ERR2: 


Ext ie coal 
CALL PRINT 
Orr D0Z 


’ 

sTEIS RCUTINE RECEIVES CATA FROM THE ANALOG TO DIGITAL CONVERTER AND PLACES 
;IT TEMPCRARILY IN THE RAM. THE RAM IS DIVIDED INTO TWO PAGES. FROM THE HAM 
sIT IS TEEN MOVED INTO THE BUBBLE MEMCRY IN BLOCKS OF 22 PAGES (2K BYTES), 
;WEERE A PAGE IS EQUAL TO 64 EFYTES. TEE BYTES ARE PLACED IN TEE RAM BY THE 
;@@H£, A EYTE AT A TIME. AFTER THE 22 PAGES HAVE BEFN READ INTC THE RAM THE 
;FLAG “PAGFUL IS SIT TO INDICATE A BLOCK IS READY FCR TRANSFER TO THE BUBEL: 
sMEMORY. THE CURRENT BUBBLE IS INSTRUCTED TO START TEANSFERING TEROUGH 

;THE DMA. WHILE THE BLOCK TRANSFER CF PAGES IS OCCURING, TEE NEXT PAGE OF 
;DATA FECM THE A TC LT CONVERTERS IS BEING TRANSFERED INTC THE CTHER PAGE CI 
s2AM. BY THE TIME THE BLOCK TRANSFER IS COMPLETE, THE NEXT PAGE WILL BF 
;NEARLY READY FOR TRANSFER. ONCE IT IS FILLED, A FLAG WILL BE SET AND ANOTEER 
;FIOCK TRANSFER WILL EEGIN AND THE FRCVIOUS PAGE OF EA” WILL BE REWRITTEN, 
sTEUS BEGINNING THE CYCLE OVER AGAIN. THIS WLL CONTINUE UNTIL ALL BUBBLE 
;CARLS FAVE BEEN WRITTEN. 
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oo 


coc sRECCHI INPUT LaTa 

IX1I SPeoLAGe 

CALL Betne 

LXI Heoule 

vel AaieGea 

STA INTVEC 

SHLD INTVEC +1 

[XI B,LOcCEs 

STA DOCHK 


SELD DOCEK+1 
9 
FEMA IN ETIAL SED ve 


MVI A,ePe 
OUT CFE 
OUT QCH 
MVI A ,@OH 
CUT 248 
MVI A,@FOH 
OUT O45 
VVI A,@@H 
OUT OSH 
he A,oee 
OUT gou 
MVI A,4AB 
CUE @BH 
er A,eeH 
OUT @e8 
’ 
[XI H,¢ 


SHLD BUENUM 
CALL BTOIGe 


Lx! H,TXCNT 
SELD COUNT 
xt E,@ELOCH 
SELD RAMADD 
PT A,21 

STA LEINUM 
OUT PRaLr s 
may A,2FEH 
OUT PRES 
STA DMANUM 


; 
;SET UF RAM TAELE WITH PARAMETRIC REGISTER INITIAL VALUES. 


) 


Lil Aa cae 
rVI vec 8 

INX H 

el M108 

INEZ B 

ee Mieeee 

INX A 

Vv vcog 

INX 5 


60 


MVI M,2@H 


CALL CONIN 


MVI A,@ 
STA PAGFUL 
MVI A,QAB 
SIM 

EI 


3 

sTHIS RCUTINE POLIS THE “PAGE FULL FIAG TO SEE IF A FAGE IS READY 
;FOR TEANSFER. 

;IF IT IS READY, IT SENDS A WRITE COMMAND TO THE BUBBLE TO START 
;TRANSFERRING A PAGE FROM RAM TO THE CURRENT BUEBLE MEMORY. 


’ 

PAGPOLE: 
ITA PAGEUL 
CFI OFFE 
JNZ PAGPOL? 

’ 
LXI B,RAMTABL 
CALL WREUBL 
VVI A,CCH 
SIM 
EI 
MVI Coo 
OUT OFH 

3 

mecLi: 
JMP BPCLS 


e 


’ 

mueen RECORDING, THIS ROUTINE IS THE 6.5 INTERRUPT ROUTINE. THE 6.5 IS 
;INITIALIZED BY THE INTERRUPT OF THE EUBBLE CARDS UPON AN OP-COMPLETE OR 
;ERROR. IF AN ERROR, IT WILL INDICATE BUBBLE STATUS REGISTER ON THE CONSOLE. 


’ 

DOPGES : 
MVI A,@ER 
SIM 
EI 
CALL ROS ue 
MOV BA 
ANI 408 
CFI 408 
JZ RES ELS 


IF ERROR PRINT “OP FAIL” AND STATUS. 


we we Ww 


LXI D.CRLIF 
CALL PC LAE 
*CYV Aa 
CALL STATUS 
LXI Df oGo 
CALL PHONE 
JMP GOAGAIN 


~ @ 


ak 


;CEECK TC SEE IF THE CURRENT BUEPBLE IS FINISHED. Te SO Ovo eee 


>1 LAST GARD Goer 


;CCCEE=. 
} 
RESET2: 


, 


MNT 
Cue 
LEED 
DCX 
SELD 
MOV 
ORA 
oe 
MYT 
CALL 
LDA 
DCR 
STA 
JZ 
LELD 
INX 
SELD 
LDA 
PLC 
STA 
OUT 
IDA 
FLC 
STA 
CUT 
CALE 
JMP 


A,@FR 
OFE 
COUNT 
H 


CCUNT 
A, 

L 
AGAINE 
A,<@8 
WRCOTMP 
RUECARD 
A 
BUBCARD 
DONES 
BUBNUM 
F 


BUENUM 
LEDNUM 


LEINUM 
PEIPA 
DMANUM 


DMANUM 
EPs 

BLOTMP 
AGAINS 


‘GCAGAIN TC START CVER. THIS NCEMALLY IS CAILEI FRC” 


>TEIS RCUTINE PRINTS “OPERATICN COMELETE TO CONSOLE AND RETURNS TO MAIN 


»MEND. 
} 
PONE. : 


? 


LXL 
CALL 
MCV 
CALL 
LXI 
CALL 
JMP 


D,CRLF 
PRINT 
A,B 
STATUS 
D,SG4 
PRINT 
GOAGAIN 


;SET UP FOR NEXT ELOCK TRANSFER TO BUEBLE BY PLACING PARAMETRIC BUBRLE REG- 
;ISTER VALUES INTO RAM. 


sPLACED INTO THE APPROPRIATE REGISTERS. 


? 
AGAIN}: 


MVI 
STA 
LXI 
VVI 
INX 


Aye 
PAGFUL 
H,RAMTABL 
Vreou 

H 


THESE VALUES ARE READ BY THE WRCTMP ROUTINE AND 
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Pet Meu 


INX Ez 
aie cee 
INX 3 
MVI A,OEH 


CALL WHCTIVP 
CALL ROLCTMP 


MOV M,A 
INX B 
CALL ROITMP 
MOV M,A 
, 
2cET UF DMA FCR TRANSFER TO BUBBLE BY LOADING CORRECT RAM LOCATION. 
’ 
OUT @CH 
LHLD RAMAID 
MVI Lo 
CUT G45 
MOV A,# ; 
CPI GEER 
JNC AGNZ1 
MVI A,2EOH 
JMP AGNS2 
AGNZ1: 
MVI A,@F@H 
AGNS2: 
CUT Q4B 
MVI A,2 
OUT Q95H 
vy I A,@&8 
OUT Q5H 
JMP PAGPOL3 


’ 

THIS ROUTINE IS VECTORED TO WHEN A 7.5 INTERRUPT IS ACKNOWLEDGED AND THE 
;RECORTER IS IN THE RECORE MOLE. TSIS ROUTINE TAKES A BYTE FROM THF ANALOG 
»TC LIGITAL CCNVERTERS AND PLACES IT IS THE CORRECT RAM LOCATION INDICATED 
»BY THE ALDRESS STORED IN RAMADD. TEIS ROUTINE IS JUMFED TO THRCUGE LOATING 
sOF THE INVECT LOCATION WITH THE ADDRESS OF DC13. 


’ 
BOIS: ;EQVERIE WRITE INTERRUPT SERVICE 


FUSE PS\ 
FUSE H 

LHLD RAMADD 
LDA ATOD 
STA DTCA 
MOV M,A 
MVI A,Q@COH 
SIM 

MV I A,@4¢H 
SIM 

INX H 

MOV A,H 
CPI @FH 
a DOI31 
CPI GEEH 
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JZ LOT. 
SELD RAMADL 


POP E 
Fer PSW 
Fl 

Re 


} 
;THIS ROUTINE SETS THE PAGE FOLL FLAG IF PAGE 1 IS FULL AND RESETS THE RAW 
sADDRESS VALUE IN RAMADTI. 


’ 
EOLSI: 


LXI H ,gEQ@OH 

SELD RAWMADD 

vk A,OFFH 

STA PAGFUL 

FOF E 

EOP PS¥ 

EI 

RET " 


° 


’ 
;THIS RCUTINE SETS THE “PAGE FULL’ FLAG IF PAGE @ IS FULL AND RESETS 
>THE RAM ADDRESS VALUE IN RAMADD. 


, 

DOlSo2: 
SELD RAMADD 
MVI A,@FiE 
STA PAGFOL 
FCP E 
POP PS 
BI 
RET 


’ 

;THIS ROUTINE TAKES THE DATA FROM THE BUBBLE MEMORY CARDS AND SENDS IT TO THE 
sCIGITAL TO ANALOG CONVERTERS. IT DOES THIS BY FIRST PLACING A BLOCK OF LATA 
;INTO THE RAM. A BLOCK OF DATA IS S2 SIXTY-FOUR BYTE PAGES. THE BLOCK IS 
sMOVED EY THE DMA FROM THE BUEBLE TO THE RAM. ONCE IN THE RAM, TEE DATA I5 
*TEEN MOVED BY THE @&065, A BYTE AT A TIME,TO THE DIGITAL TO ANALOG CONVERTERS. 
>THE SAME TYPE OF PROCEDURE USED IN RECCRDING TEE DATA IS USED WHEN INTERLEAY- 
,ING PAGE@ AND PAGE1 OF THE RAM. SINCE THE DMA CAN TRANSFER FROM THE BUBELE 
sFASTER THAN THE BYTES ARE BEING PLACED OUT ONTO THE D TOC A, THERE IS ALWAYS A 
sFULL PAGE OF DATA READY WHEN THE CURRENT PAGE IS FINISHED BEING READ OOT. 
MOST OF THE CODING IS IN SUPPORT OF CHANGING PAGES OF RAM DURING PLAYBACK. 


DC4: ;PLAYEACK DATA 
DI 
[xl SP ,oTACK 
CALL BSINT 
LXI B,UO14 
Vv. A,OCSEB 
OLA INTVEC 
SHLD INTVEC +1 
IX] E,DO4CEK 
STA DOCEK 


SHLD DOCHK+1 
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sDMA INITIAL SET-UP 


9 


VI A,OFE 
OUT QFE 
CUT OCH 
ver A,@O8 
OUT 0458 
VVI A,@EQH 
OUT O45 
MVI A ,@QH 
OUT @58 
MVI A,108 
OUT @S5 
MVI A,468 
CUT @BH 
MVI A Gea 
OUT @&k 
? 
Pe E,@ 


SELD BUBNUM 
CALL BIOTMP 


IXI B .wACNI=1 
SHLD COUNT 

LXI EH, @EQ0O8R 
SHLD RAMADD 
MVI A,@1 

STA LEDNUM 
CUT Peers 

MVI A,@FEB 
OUT PRIEG 

STA DMANUP 


= =e 


;SET UP RAM TABLE WITH PARAMETRIC REGISTER INITIAL VALUES. 


—* @ 


eat E,RAMTABL 

MVI M,40B 

INX E 

Vl *,108 : 
INX B 

MVI M,25B 

INX B 

MVI M,@@H 

INX a 

rv M O28 


=e 


CALL CONIN 


= © 


MVI A,ODH 

SL 

LX! B,RAMTABL 
CALL RDEUBL 

EI 

MVI A,@BB 

OUT OFE 


D041: 
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JE DO41 


TEIS POCUTINE POLLS THE “PAGE FULL FLAG TO SEE IF A PAGE IS READY FOR 
TRANSFER. IF If IS READY, IT SENDS A READ COMMAND TO THE BUBBLE TO 
START TRANSFERING A PAGE FROM BUBRBIF TO RAM. 


’ 
’ 
° 
? 
® 
? 
e 
’ 
P 


AGPOL4: 
Po PAGFIOUL 
CPI QFIF 
V7 PAGPOL4 
? 
Lal B,RAMTABL 
CALL RDEUBL 
MVI A,@SH 
SIM 
EI 
MVI A,2BE 
OUT OFH 
EBPOL4: 
JMP BPOL4 


’ 

»WEEN READING, THIS ROUTINE IS THE 6.5 INTERRUPT SERVICE ROUTINE. THE 6.5 IS 
;INITIALIZED BY THE INTERRUPT OF THE BUBPIE CARDS UPON AN OP-COMPLETE OR 
sERROR. IF AN ERROR, IT WILL INDICATE BUBBLE STATUS ON THE CONSOLE. 


} 
DO4CEK: 


PAT A ,OBH 
Sie 

EI 

CALL RDSIME 
MOV B,A 
ANT 4@E 
CPI 40H 

JZ RESET4 


; . 
;IF FRROR PRINT “OP-FAIL AND STATUS. 
; 


ret DECREE 
CALL FRENTE 
MOV A,3 
CALL STATUS 
LXI Dy sGcS 
CALL PRINT 
JMP GOAGAIN 


’ 

*CHECK TO SEE IF THE CURRENT BUBELE IS FINISHED. IF SOQ MOVE TO NEXT CARD. 
sIF LAST CARD GO TO GOAGAIN TO START CVER. THIS NORMALLY IS CALLED FROM 
»DO4CHK. 


’ 
REISET4: 


Evel A,@FFH 
STA PAGFUL 
vvi A,CFH 
OUT OFH 


LHLD COUNT 
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DCX H 
SHLD COUNT 


MOV A,H 
ORA L 

JNZ AGAIN 
MVI A, 22H 
CALL § WRCTMP 
LDA BUBCARD 
DCR A 

STA BUBCARD 
JZ DONE4 
LELD § BUBNUM 
INX E 

SHLD  BUENUM 
LDA LEDNUM 
RLC 

STA LEDNUM 
OUT PPIPA 
LDA DMANUM 
RLC 

STA DMANOM 
OUT PP IPB 
CAll  BICTYP 
IMP AGAING 


: ; 
;THIS ROUTINE PRINTS OPERATION COMPLETE TO THE CONSOLE AND RETURNS TO 
;THE MAIN MENOD. 


s 


DONE4: 

IXI D,CRLF 
CALL PRINT 
MOV A,E 
CALL STATUS 
EXxl D,MSG4 
CALL PRINT 
JMP GOAGAIN 


} 

;SET UP FOR NEXT BLOCK TRANSFER FROM BUBBLE TO RAM FY FLACING BUBBLE 
sPARAMETRIC REG VALOEFS INTO RAM. THESE VALUES ARE REAL EY THE RDSTMP 
sROUTINE AND PLACED INTO THE APPROPRIATE REGS. 


’ 
AGAIN4: 


LXI H,RAMTABL 
VVI ¥,20H 

INX H 

MVI Mato a 

INX ¥ 

MV I M258 

INX H 

MVI A ,@EH 


CALL WRCTMP 
CALL REDTVP 
MOV M4 
INX H 

CALL RDEITP 
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VOY VA 


SET UP CMA FOR TRANSFER TO RAM EY LOADING CORRECT RAM LOCATIONS. 


we We we 


Cut OCH 

LoL RAMALD 

MYT A,2 

CUT O48 

MOV A,B 

CPI Q@EEE 

JNC AGN41 

MvI A,ZEGE 

JMP AGN42 
AGN41: 

MVI A ,ZEEH 
AGN42: 

CUT O45 

MV I AL? 

= OUE @5E 

YVI A,@&H 

OUT CSE 

JMP PAGPOL4 


; : 

>THIS RCOTINE IS VECTORED TO WEEN A 7.5 INTERRUPT IS ACKNOWLEDGED AND THE 
;RECORTER IS IN TEE PLAYBACK MOLE. THIS ROUTINE TAKES “Av BYTE FROM RAM Ane 
sPLACES IT ON THE CORRECT DIGITAL TO ANALOG CONVERTER. THIS ROUTINE IS 
;JUMPEL TO THROUGH LOALING OF THE INVECT IOCATION WTH THE ADDRESS OF DOI4. 


? 
DOI4: »>READ BUBBLE INTERRUFT SERVICE 


FUSE PSW 
rUSo H 

IELD RAWATD 
YOvV A,” 
STA DTOA 
INX H 

MOV A,H 
CPI QFOE 
JZ DOI41 
OPT @EEE 
JZ DO142 
SELD RAMADD 
POP 3 

FCP PS 

EI 

RET 


S we 


;THIS RCUTINE SETS THE “PAGE FULL FLAG IF THE CURRENT PAGE IS FULL AND 
;RESETS THE RAM ALEDRESS VALUE IN RAMALD. 


? 

DO141: 
LXI EB ,2EOOOR 
SHLD RAVMALTD 
‘VI A,@BE 
STA PAGFUL 
FOP E 
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FCP PSW 
Fl 
RET 


’ 
;THIS ROUTINE ALSO SETS THE “PAGE FULI FLAG FOR THE OTHER PAGE IN RAM AND 
;PESETS THE RAM ALDRESS VALUE IN RAMADD. 


? 

LOl4é: 
SHLD RAMADD 
MV I A,208 
SA PAGFUL 
POP H 
FCP PSW 
EI 
RET 


? 

sTHIS ROUTINE IS REFERENCED WHEN AN ERROR OCCURS. “"“OP-FAIL IS PRINTED OUT 
;ONTO THE CONSOLE ALONG WITH THE STATUS OF THE BUBBLE MEMORY CONTROLLER 
;SC THAT THE USER IS ABLF TO LTETERMINE WHAT WENT WRONG WITH THE BUBBLE 
;RFAD CR WRITE OPERATION. 


? 
STATUS: sPRINT BUFBLE CONTROLIER STATUS 


MVI B,O&H8 
SLATI: 

RLC 

JG STAT2 

wVI GC ,cOH 

JMP STars 
SLAT2Z: 

MVI Gece 
SrAl 2: 

PUSE PSW 

CALL CONOUT 

POP PSW 

DCR B 

JNZ STATI 

RET 


’ 
3THIS NEXT ROUTINE ENABLES THE PROGRAM TO RETURN TO THE MAIN MENU 
>FROM A READ OR WEITE OPERATION. 


’ 

GOAGAIN: ;RETURN TO SYSTEM FROM READ/WRITE 
DI 
MVI A,OFH 
OUT O¥FH 
MVI A ,S@8 
OUT 8eH 
tit A,€O8R 
STA DTOA 
MVI A, 
CUT Pris 
MVI A,@FFH 
OUT PRai pe 
LXI D MENU 


CALL PRINT 


he) 


JMP AGAIN 


PESINT AND ITS SUBSEQUENT ROUTINES, BSINT@ AND BSINT1 RESPECTIVELY, ARE 
;CEALING WITH THE INITIALIZATION OF THE © BUBBLE CARDS. WHENEVER AN 
INITIALIZATION IS PERFORMED, THESE ROUTINES FURNISH THE USER (VIA THE 
sCCNSOLE) SUCH INFORMATION AS TO HCW MANY CARDS INITIALIZED SUCCESSFULLY. 


we SE we we we 


? 

FOINT: 
LXI H,@@H 
MVI A,@148 
CALL BoINT1 
Ext H,21H 
MVI A ,@2H8 
CALL BSINT1 
EX! H,22H 
MVI A,04H 
CALL Bointi 
Ent Be gee 
MVI A,O&H 
CALL BSINT1 
Ext H,248 
MVI A,19H 
CALL BoINTI 

BSINT?: 
STA BUBCARD 
rt D,CREF 
CALL PRINT 
LDA BUBCARD 
ADI ZO8 
MOV C,A 
CALL CONOUT 
LA D,*SG18 
CALL PRINT 
LAE EH ,OO8 
SELD BUENUM 
MVI A,@OH 
OUT PPIPA 
RET 

PEINT 2: 
SHLD BUBNUM 
CUT PPIPA 
CALL BLOIMe 
Liki B, TABLES 
CALL INEBUBL 
MOV B,A 
MVI A,20H 
CALL WRCTMP 
MOV A,2 
ANI OF4H 
CFI 428 
MVI ACS 
RZ 
LELD BUENUM 
MOV Ae 
POP B 
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J¥P BS INTO 
y 
;CLOTRAP IS USED WHEN A SPURIOUS INTERRUPT OCCURS WITHIN THE SYSTEM 
>THAT CCOLD FCSSIBIY RUIN THE CURRENT OPERATION. THE WAY IN WHICH THE 
»USER LEARNS TEAT SOMETEING HAPPENET, I.E., AN UNEXPECTED INTERRUPT, 
sIS THAT THE SYSTEP JUMPS TO THIS ROUTINE AND PRINTS OUT SPURIOUS 
sINTEREPUT ONTO THE CONSOLE. 


y 

DOTRAP: 
IX] D,*SG7 
CALL PRINT 
JMp AGAIN 


’ 

;THE NEXT SET OF ROUTINES, LOS THROUGH DOISS, ARE USED FOR THE DATA ERROR 
;TESTING TO ENSURE PROPER OPERATION OF THE BUBBLES. THE PREDICTED ERROR 
;RATE FOR THE BUBBLES IS 1@°-13. IF ONE DESIRED 10, THEY COULD RUN TEIS 
;RCUTINE INDEFINTELY TO SEE IF THAT PREDICTION HOLDS. DURING THIS SECTION 
;LIFFERENT PATTERNS OF “1°S” AND “Q°S” ARE RECORDED INTO THE BUBBLE MEY- 
SORIFS. THE USER HAS A CHOICE OF WHICH PATTERN (SEE MSG11). UPON COM- 
;PLETION, THE USER CAN PLAYBACK YEAT wAS RECORDED AND LETERMINE THE 
;ACCURACY OF THE FUBBIE MEMORIES. 


’ 
DOs: 
DI 
Ex I SPs TACK 
LXI DyooGlit 
CALL PRINT 
CALL Be tna 
DOF&S@: s,CONSCLE ENTRY SECTION. 
CALL CONIN 
MOV C,A 
CALL CONOUT 
MOV AVG 
CEI “Ce 
on ERR5 
CPI “Se 
JF ERRE 
sul “Qo” 
MOV (red, 
ADD A 
ATD GC 
MOV C,A 
IRA A 
MOV B,A 
al BeDOST EL 
TAD B 
PCHL 
DOSTELS 
JMP DOESa 
JMP Doel 
JMP DOS2 
oP DOSS 
JMP DOS4 
ERR5S: >ERROR ROUTINE FOR INCCRRECT CONSOLE ENTRY 
IX! Derscl 
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CALL PRINT 


Lit Doe 
CALL PRINT 
JVP DOE2S 
EQESe:: 
JMP GOAGAIN 
Beli < 
JMP DONES 
DOS2Z: 
JMP DONFS 
EOes-: 
JMP DONES 
DOf4: 
JMP DONES 
DONES: ;ROUTINE TO PRINT CHOICES FOR DATA ERROR TEST. 
Le D,*SG11 
CALL PRINT 
JMP DOS82 
, 
DOISS< >MSG TO CONSOLE INCASE CF SPURIOUS INTERRUPT. 
1 D,fsGr 
CALL PRINT 
JMP AGAIN 


, 

;THIS SECTION, DOG6-DOG1, IS DESIGNED TO CIEAR THE RAW EUFFER IF CHOSEN. 
SIT IS WISE TO START OUT WITH A RAM THAT IS IN A KNOWN STATE. THEN THE 
»CSER IS ASSURED TO HAVE NO PREVIOUS DATA FROM OTHER RECORDINGS. 

;UPON CCMPLETION IT RETURNS THE USER TO THE MAIN MENU. 


’ 
Loe: 


Dt 

Lil H,PAGE@ 

[XI BE ,1888 

“VI Deed 
DOE1: 

POY ee 

DCX B 

MOV A,B 

CRA C 

JNZ DO61 

MYT. A,&O8 

STA DICA 

LXI D,MSG4 

CALL PRN 

Lal D,VENU 

CALL PRINT 

JMP AGAIN 


’ 

»DC? ANT DOI? ARE THE CONVERT AND DISFLAY OPTIONS. THE ADVANTAGE OF THES? 
»ROUTINES IS THAT THE USER CAN ENSURE THE CORRECT OPERATION OF THE ANALOG 
»AND CLIGITAL CIRCUITRY. NO RECORDING OR PLAYING BACK IS PERFORMED. THE 
»SAMPLED INPUT GOES DIRECTLY TO THE OUTPUT. HENCE, ONE IS ABLE TO CONNECT 
sTHE INFUT AND OUTFUT TO AN OSCILLOSCCPE, FOR EXAMPLE, AND DETERMINE 

»THE ACCURACY OF BOTH WAVEFORMS. THE ONLY DESCRKEPANCY THAT MAY BE 
sOFSERVED WILL BE A TIME DELAY. 


DO: +LOADING OF THE REGISTERS. 


DI 
kt H,DOI? 
rVI A,@C25 
STA INTVEC 
SHLD INTVEC +1 
yVI A,2FB 
OUT QFE 
OUT @CE 
MVI A, 205 
OUT QOB 
MVI A,@COB 
OUT GOB 
MVI A,@15 
OUT G15 
rVI A,29H 
OUT G15 
MVI A,O15 
cu G25 
MVI A,2C&ZE 
OUT G2B 
rVI A,Q18 
our O25 
MV A,O@B 
cur G25 
MVI A,S@B 
OUT @BE 
MVI A,CSE 
OUT @BE 
MVI A,G1E 
OUT gaB 
MV I A,@EB 
OUT OFE 
yVI A,2@CBE 
SIM 
MVI A,0408 
SIM 
EI 
Ex! D,MENU 
CALL PRINT 
IMP AGAIN 
3 
DOI?: ;CONVERT AND DISPLAY INTERRUPT ROUTINE 
FUSH PSW 
PUSH B 
PUSE D 
PUSH B 
MVI A,O4B 
OUT OSE 
NOP 
MV I A,@CQOB 
SIM 
NOP 
rvi A,@40B 


Ge 


we Se we we we 


Sir 
FOR 
FOP 
POR 
EGE 


Wm oO td 


RET 


START OF SUBROUTINES 


;THE FOLLOWING SUBROUTINES SET THE HARDWARE TO KNOWN CONDITIONS AND 
;PROVITE THE CODE FOR PRINTING OUT MENUS AND MESSAGES VIA THE CONSOLE. 
;EVERYTIME A MESSAGE IS TO BE PRINTED, THE PRINT ROUTINES ARE CALLED. 
;HVERYTIME THE USER IS REQUIRED TO INFUT (OR RECEIVED AN OUTPUT) VIA 
>THE CONSOLE, TEE CONIN/CONCUT/CONST SUBROUTINES ARE CALLED. 

,INITHW IS THE SUBROUTINE THAT IS CALIED TO SET ALL THE HARDWARE TO A 
»KNOWN STATE. 


3 
PRINT: 


PRT1: 


PRTZ: 


3 
CONIN: 


’ 
CONOUT: 


; 
CONS 1: 


XCHG 

MOV AAG 

Cri oe 

RZ 

POV C,A 

IN CONSTAT 
ANTI G1 

CPI @1 

JNZ PRT2 
*CY A,C 

OUT CONDATA 
INX E 

JVP PRT. 

IN CONSTAT 
ANI G2 

JZ CONIN 
IN CONDATA 
ANI 7FH 

RET 

IN CONSTAT 
ANI @1 

CPI @1 

JNZ CONOUT 
MOV A,C 

OUT CONLTATA 
RET 
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3 
INITHW: 


IN 
ANI 
R2 
MVI 
RET 


9 
geell UART 


eV 1 
OUT 
CUT 
OUT 
MVI 
OUT 
MVI 
OUT 
wv} 
OUT 


CONSTAT 
2 


A,@FIE 


A,@ 
CONSTAT 
CONSTAT 
CONSTAT 
A,408 
CONSTAT 
A,4EH 
CONSTAT 
soto 
CONSTAT 


MVI A,@O8 
OUT PPICS 
MVI A,2O8 
OUT PETA 
VVI A,OFIH 
OUT PrIeD 

’ 

»ZERO A TO D STROERE 

’ 
“VI A,488 
Sie 

’ 

woonO [ TO A OUTPUT 

’ 
evel A,G@H 
STA DTOA 

’ 

78c57 TMA 

} 
MYVI A, 
CUT QDH 


we we we 


CUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 


RESET ALL REGISTERS 


;SET HARDWARE TO KNOWN STATE 


&z255 PROGRAMMABLE PERIPHERAL INTERFACE. 


19 


CUT 04 


CUT 4 
OUT Q@5 
OUT OS 
OUT 26 
OUT GE 
CUT g? 
OUT Q? 


’ 
;SET MCLE REGISTERS 


MYVI AG oeu 
OUT OBE 
MVI aesu 
CUT OBE 
MVI Aw tOo 
OUT OBE 
vee AG Led 
OUT GBH 


SET COMMAND REGISTER 


m2 we Ss 


sDELAY A TIMES 10MSEC. 


’ 
*>THIS IS THE MAIN MENU AND CHCICE OF CPERATIONS THAT CAN BE PERFORMED. 


avi ACL 
QUT QGEH 
RET 
3 
DELAY: 
MOY B,A 
LOOP1: 
Lod Dp teee 
LOOP<é: 
Dien D 
roy. A,D 
ORA E 
JNZ LOOP2 
DCR B 
JNZ LOOP 1 
RET 
} 
MENU: DE 
DE CR. LE. 
DB CR Lr 
TE CR oe. 
rk Chee as 
DB GR kre 
DE Ca, lh” 
DB CR or 
DE CRell, 
DB CReLra 


Hoa bow ow 


“NON PN 


CR,LF, “SOLID STATE DATA RECORDER’,CR,LF 


RESIT Sic lee. © 

SET SAMPLE RATE “ 
INITIALIZE BUBBLE ° 
RECORD INPUT DATA ° 
PLAYBACK DATA ° 

DATA ERROR TEST “ 
CLEAR RAM ° 

CONVERT / DISPIAY ° 


’ 
>THE FOLLOWING MESSAGES ARR SELF-EXPLANATORY AND ARE CALLED THROUGHOUT TEE 
;PROGRAM IN CRDER FCR THE SYSTEM TO CCMMUNICATE WITH THE OPERATOR VIA THE 


»CONSOLE. 


gs 


, 
mSG1: DE 
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MSG2: TB 
TP 
DB 
DB 
DE 
CB 


; 
MoGe: DB 
; 
MSG4: DB 
; 
MSGS: DE 


? 

MSG6: DB 
DB 
DB 
DE 
DB 
DE 
DE 
LB 


; 

MSG7: DE 

; 

MSG8:; DE 

3 

MSGS: DB 

? 

MSGi¢: ODE 

; 

MSGii: ODE 
DE 
DB 
De 
[cB 
DE 
DE 


; 
CRLF: DB 


CRLF, 


Chae 
CR ,IF, 
CR,IF, 
CR,ILF, 
CR,IF, 
CR ,IF, 


CR,ILF, 
CR,LF, 


CR,IF, 
Chie. 
CR,IF, 
Cz,If, 
CRLF, 
CR,LF, 
CR,IF, 
Chale. 


Chale. 


SoM eNereny AGAIN ,CR, LE > 


“SET SAMPLE RATE °,CR,LF 


°@= 
“1= 
2= 
“3 
°$ 2 


S@OH2Z * 
1.@KHZ “ 
2ankae ” 
5.0RHZ ~ 


“SEARE Ch, UE yo 


“OP-COMPLETE °,CR,LF,°$’ 


“OR= 


FAILED ’, 


CR Uns 


“CHOOSE BUBBLE FOR INITIALIZATION’ ,CH,LF 


‘o= 
"1= 


? 


“2 
ca 
wv 
4 
4 
“CG 
°$ 


CLEAR’ 
BUBBLE 
BUBFLE 


BUBELE 
EUFRELE 


le 
ig 
BUBBLE 3° 
A 
5’ 


“SPURIOUS INTERRUPT °,CR,LF, “$’ 


CRoLes TIME OUT ERROR “.CR,LF,°$° 


CR,IF, 


“SPARED, CRALE, 5” 


eeCARDS “ACTIVE CR, LF> (3 


Chere ch beGr thor 


Ch eLEs 


Choir. 
CA wer. 
CRLF, 


Ch ,LF, 
CR,If, 


CR,IF, 


[C= 


oon 


END TEST 
CBGGGOLA 
@16101¢1 
16121018 
Pa 


MODE ,CR,LE 


a? 
& 
& 
@ 


’ 

sTHESE ARE THE INITIAL VALUES FOR THE PARAMETRIC REGISTERS. THEY ARE 
sLOALTEL INTO RAM INITIALLY SO THAT THERE IS A CAPABILITY TO CHANGE THE 
;VALUFS THROUGHTOUT THE OPERATION OF TEE RECORDER. 


’ 
TAELES: CB 
’ 

DS 


« 
? 


END 


iu 


615,108, 20H, 00H, 20H 
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;THIS SECTION WAS LINKED ONTO THE MAIN PROGRAM AND STORED IN THE EPROM. 

;IT IS THEN COPIELT FROM EPROM INTC THE RAM IN ORDER TO HAVE THE CAPABILITY 
310 CHANGE THE PARAMETRIC REGISTER VALUFS DURING A RECORD OR PLAYBACK OPERA- 
sTION. OBVICUSLY, TO WORK OUT OF THE EPROM, THE VALUES WOULD NEVER HAVE 
;BEEN ABLE TO BE CHANGED. CONSEQUENTLY, TABLES CONTAINS THE INTITIAL 
;VALUES FUT THE RAM COPY IS THE PART THAT CAN BE UPDATEL TO REFLECT CURRENT 
>VALUES. 


’ 
FNTRY TABLES , UPS, BUBI , BUEZ, BUFO SEU ES EN DTAE 
3 


CSEG 


SOLID STATE DATA RECORDER PROGRAM 
FCR 4-MEGABIT BUBBLE MEMCRY BCARD 


we “®8 we ~we 


STACK ECU Q 

? 

PRTAQO EQU OFDOOH 
PRTA@1 EOQU @FD2148 

’ 

TPPICS EQU 19H 

TPPI ra EOU ahs 

Ter Ly Bea 12H 
TFFIPC £QU Lou 

TLSB EQU 14H 
TMSBTM EQU 15H 

’ 

us. FOU 22H 

PP UPB FQU eid 

Pee EQU 228 

PRICS EQU 258 

’ 

CONDATA EQU SOE 
CONSTAT EQU 518 

’ 

ATCD EQU @C COOH 
DIOA FOU OCZC1E 

, 

CR EQU OTH 

LF ECU CAH 

BS EQU @eH 

} 

PAGEG EQU @ECOOH 
PAGE1 EQU Q@L1008 

; 

RAV EQU CECLCH 
RAMTABL EQU RAM 
ATCDIME EQU RAMTABL+190H 
DIOATMP EQU ATODUIME +2 
? 

’ MOVE TABLE 

’ 

TAFLES: DB G@1H,190H,20H,00H,@0H 
BUEG: DP Q@1H,19H,20H,99H ,@OH 


fie 


PUEL: 
BUE2: 
BURBS: 
BUE4: 
ENCTTAB 
TALSIZ 


Ue 
UB 
DE 
DE 
FQU 
EOU 


DS 
END 


Q918,19H,20H,92H,2OH 
Oia, 108 ,<2b, cock, 228 
018 ,10E,20H ,00H, WOH 
tees cee 
ENDTAB-TABLES 
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io 


4-“EG BUBBIE DRIVERS 


we we We 


;IHE SCLFTWARE DRIVERS FOR THE BUBBLE MEMORIES ARE SUPPLIED BY INTEL 
;CORPORATION. ULMONT SMITH WAS THE ORIGINAL AUTHOR OF THE DRIVERS FOR TEL 
sONE MEGARIT [TEVICK. MOST OF THE SAMF ONES CAN EE USED ON THE FOUR YFGA- 
;PIT, HOWEVER, CHANGES NEEDED TO BE INCORPORATED IN ORDER FOR THEM TO 

;FUN THE FOUR MEGAEPIT MEMORIES WITHCUT ERRORS. ONE OF THE ADDITIONS WAS 
>THE ADDITION OF THE DRIVER TO WRITE ALL ONE’S TO THE FIFO/BOOTLOOP IN 
;ORDER IC FORCE THE CONTROLLER TC UTILIZE THE EXTERNAL DATA ERROR CHECKINe. 
;THE OTHER ADDITION WAS THAT OF TEE EIOTMP ROUTINE SO THAT THE DRIVERS DID 
;NOT HAVE TO BE REPEATED © TIMES (IN THE CASE OF THE SSDR, 24 TIMES.) 


ewe SO We 


’ 

EXTRN TABLES ,BUBNUM,RODIMP ,WRITMP ,ROSTMP ,WRCTMP 
’ 

ENTRY INEFUEL RDEUEE A WREUEL 

} 

EYTCNT £EQU Zac 


, 
sINTPAR INITIALIZES THE PARAMETRIC REGISTERS OF THs BUSLBLES. THESE REGISTERS 
»YUST EE LOADED EAC TIME A READ OR A WRITE OPERATION I[S PERFORMED. 


NOTES TEIS DOES DEStRot THEA, 2 7is 


NIPAR: FUSS RE sSAVE B-C REGISTERS 
FUSE D »SAVE D-E REGISTERS 
VAL A,2EE »>LOAD A REG WITH BLR LSB ADDRESS 
CALL WRCTMP 
MVI E,@543 »INITIALIZE LCOP COUNTER 
LOAD: LDAX E ;LOAD A REG FROM B-C KEG ADIRESS 
CALL WROTMP 
INX B >; INCREMENT B-C REGS TC THE NEXT ADDR IN RAY 
DCR E »CECREMENT LOCF COUNTER 
JNZ TCAD 7IF NOT ZERC, JW¥P LOAT 
POP D >RESTORE D-k REGS 
POP B »RESTORE B-C &EGS 
RET 


RESET 7220 FIFO DATA BUFFER 
NOTE: LTESTROYS A, F/FS 


ba] we 0 we we we we 


[FORS: fUsHs D sSAVE D-E REGS 
PUSH B 7SAVE B-C REGS 
rVI B,408 sLOAD EF REG OF-COMPLETE 
LXI D,@FEFFH; INTIALIZE TIME OUT 
Mivel A,1DE »LOAD A REG RESET COMMAND 


CALL WRCTMP 
BUSTER: 
CALL RESTME 
RLG 7LTEST EUS ELT=1 


8O 


POLLFR: 


RETFRs 


be ~e we we WO We we WO 


FORT: 


BUSTA: 


POLLA: 


RETA: 


JC 

DCX 
XRA 
CRA 
ORA 
JNZ 
JF 


CALL 
XRA 
JZ 
DCX 
XRA 
ORA 
CRA 
JNZ 
EVP 
EOP 
JMP 


POLLER 
T 

A 

D 

E 
BUSYFR 
RETER 


RDSTMP 
B 
RETFR 
D 

A 

D 


E 
POLLFR 
B 
D 
RISTMP 


sIF BUSY=1,FOIL STATJS RIG 
;DECREMENT TIVE OUT LOOP 
»CLEAR A REG 

ITEST D-HEG=OCE 

STEST E-HEG=¢EE 

sIF NOT @ CONTINUE POLLING 
sTIME OUT ERRCR 


7LTEST STATUS = 40H 

sIF OP-CCMPLETE JMP RETFR 
+DECREMENT TIME OUT LOOP 
sCLEAR A 

+TEST D-REG 

sTEST E-HEG 

sIF NOT @ CONTINUE POLLING 
>RESTORE B-C REG 

+RESTORE D-F REG 


ABORT MUST FE PERFORMED WHEN A EFUBBLE IS INITIALLY TURNED ON OR IMMEDIATELY 
BEFORE POWERING DOWN THE EUBFLE. 


NOTE: DESTROYS A, F/FS 


PUSH 
FUSH 
LXI 
vvI 
MVI 
CALL 


CALL 
RLC 
JC 
DCX 
XRA 
ORA 
CRA 
JNZ 
JMP 


CALL 
XRA 
JZ 
DCX 
XRA 
ORA 
ORA 
JNZ 
POP 
EQP 
JMP 


D 
B 


sSAVE D-E REGS 


,OAVE F-C REGS 


D,OFFFFH; INIT TIME OUT LOOP COUNTER 


5,408 
AL oe 
WRCTMP 


RDS TMP 


PCILA 
D 

A 

D 

E 
BUSYA 
RETA 


RDSTVP 
B 

RETA 

D 

A 

D 

E 
POLLA 
B 

D 
RISTMP 


;LOAD 2 REG= 40H, OP-COMPLETE 
SLOAD A REG= ABORT COMMAND 


sTEST BUST BIT= 1 

7I1F BUSY= 1, FOIL STATUS REG FCR 40H 
sDEC TIME OUT LOOP COUNTER 

»CLEAR A REG 

sTEST D REG= QQE 

;TEST E REG= OOF 

»IF NOT @, CONT POLLING ABORT COMMAND 
sSTIME OUT ERKCR, RETURN 


sTEST STATUS =408, OP-COMPLETE 
sIF OP-CCMPLETE, JMP RETA 

;DEC TIME OUT LOOP COUNTER 
;TEST STATUS FOR OP-COMPLETE 
sTEST D REG FOR @ 

»TEST E REG FOR @ 

»1¥F NOT &€ CONTINUE POLLING 
sRESTORE B-C REGS 

»RESTORE D-E REGS 


onl. 


g 

;WRITE 7224 FIFO DATA BUFFER WITH ALL ONE’S. TEIS PARTICULAR DRIVER EAD TO 
;BE WRITTEN BECAUSE THE RECORDER IS USING THE 4MBIT TEVICES. WITH THE a 
;IN THE SERIES OF 4MBIT BUBBLES, THE BOOTLOOP HAD TO BE REWRITTEN (OR APPEA 
;TC EE) EY WRITING ALL ONE’S TO THE FIFO. TEEN wHEN THE CONTROLLER DOES 
;COMPARE AND SEES” ALL ONE ’S--THEREFCRE, If INTERPRETS TSAT AS A 3UBBLE 
;WITH ALL LOOPS ACTIVE--IT GOFS CUT AND DOES AN EXTERNAL DATA ERROR CHECK. 


3 
» DESTROYS A, F/FS 
WREIFO: ;FILL FIFO WITH ALL CNE’S 
eWou B 
PUSH D 
MYT B,4@8 
MVI C ,2&B 
CALL FIFORS 
XRA B 
JNZ RETWF 
MVI A,Q@FFH 
INFIFO: 
CALL WRITMP 
DCR C 
JNZ INFIFO 
RETWF: 
POP D 
FOP E 
JMP KRDSTMP 


we We 


| i ALF OF 
pWRITE 7244 EBCOT LOOP REGISTERS WITH ALL ONE’S. THIS IS THE SECOND 8 ) 
; THE PROCESS OF FAKING THE BUBBLE INTC BELIEVING THE BOOTLOOP HAS ALL ONE’S 
»9AND THEREFORE MUST DO AN EXTERNAL DATA ERROR CHECK. 


3 
» DESTROYS A, F/FS 
’ 
WHELES: 
PUSH B 
FUSH B 
V1 B,418 
MVI C ,@FDH 
LiT B,@ 
CALL WREIFO 
ANA C 
XRA B 
JNZ RETWBL 
DCR B 
Yr A,16E8 
CALL WRCTMP 
BS’ WSL: 
CALL RUSIPFP 
RLC 
Jc POLWBL 
DCX B 
“CY Aa 
ORA L 


o2 


JNZ BSYWBL 


JvP RETWEL 
POLWEL: 

CALL RDSTMP 

XRA E 

JZ RETWEL 

DCX H 

MOV hoe 

ORA L 

JINZ POLWBL 
REIWEL: 

POP H 

POP B 

IVP RESTVE 


 ?2e Wwe 


»>WRITE BUPBLE MEMORY DATA IS THE ROUTINE USED TO PREPARE THE BUBBLE FOR A 
»>WRITE OPERATION. 


TESTROYS A, F/¥FS 


REUBL: ;WRITE BUBBLE DATA 


RET 

PUSH H »SAVE H-I REG 

PUSE B »SAVE B-C REG 

PUSH D 

CALL BIOTMP 

MVI B,4@0E »>LOAD B REG OP-COMPLETE 

CALL FIFORS ;RESET FIFC 

XRA B PEL ol fF OneOPRP=COMPELET & 

JNZ RETWR >I1F ERROR JMP RETYWR 

POP B RESTORE B-C 

CALL INTPAR ;LOAD PARAMETRIC REGS 

1S HVLYIrcntT 

FUSH RB ;SAVE EB-C REGS 

Gx BSCEPEPRH; INITIALIZE TIME OUT LOOP 
LOCPWR: 

ALL RDSTVP 

RLC Feo FOR BUS Y=1 

JNC RETWR Plone oe ROmIMr RETR 

DCX H SLECREMERT TINE OUT LOOP 

XRA A »>CLEAR A REG 

ORA H sTEST H-REG FCR @ 

ORA iE sTEST L-REG FOR @ 

JNZ LOOPWR ;CONTINUE FOLLING 
RETWR: 

ECP D 

POP B 

FOP H >RESTCRE H-L REGS 

JMP RES IMP 


REAL BUEELE MEMORY DATA IS THE ROUTIAE USED TO PREPARE THE EUEBLE FCR 
A READ OPERATION. 


we SS WO we WO 
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; LESTRCYs A, 


) 
RESUEL: 


LOOPED: 


RETR: 


BUSTIN: 


F/FS 


»REALD BUBELE DATA 


RET 
PUSH 
PUSE 
EVSE 
CALL 
MVI 
CALL 
XRA 
JNZ 
FOr 
CALL 
LXI 
FUSH 
LXI 


CALL 
RLC 
JNC 
DCX 
XRA 
ORA 
ORA 
JNZ 


FUP 
EOP 
ECE 
JMP 


INITIALIZE THE 
WRITTEN TO OR READ FROM. IT SETS UP THE BUBBLE INTO A XNOWN STATE. 


PUSH 
PUSH 
CALL 
MVI 
CALL 
XkA 
JNZ 
EDF 
CALL 
PUSH 
MY¥I 
LXI 
MVI 
CALL 


CALL 


H »SAVE H-I REGS 
B »SAVE B-C KEGS 
D 

BIOTMP 


B,40H »LOAD B REG OF-COMPLETE 
FIFORS ;RESET FIFO 


B sTEST FOR OF-COMPLETE 
RETRD »IF NOT ZERO JMP RETRD 
B sRESTORE B-C REGS 
INTPAR ;LOAD PARAMETRIC REGS 
H,BYTCNT 

B ,OAVE B-C REGS 


H,2FFFFH; INITIALIZE TIME OUT LOCP 


RUSTMP 
sTEST FOR BUSY=1 
RETARD ,IF ZERO,NOT BUSY,JMP RETRD 


H sLECREMENT TINE OUT LCOP 
A »;CLEAR A REG 

H ;TEST H REG=¢ 

L »TEST L REG=¢ 

LOCPRD ;CONTINUE PCLILING 

D 

B 

H >RESTORE H-L REGS 

RDSTMP 


BUBBLE MUST BE PEEFORVED EVERYTIME THE SEUGELE [S20 EE 


Eis 


D 

B 

BIOTMP 

B,408 ;LOAD B REG OP-COMPLETE 
AECRT ;CALL AECRT CCMMAND 


B sTEST FOR OP-COMPLETSE 

RETIN 3IF ZERO OP-COMPLETE 

B sADDRESS OF PARAVETRIC REGS 
INTPAR ;LOAD PARAMETRIC REGS 

B »SAVE E-C REGS 


E,4@H sLOAD E KEG OF-COMPLETE 
D, @FFFFE; INITIALIZE TIME OUT LOOP 
AGi1e »LOAD A REG INIT COMMANT 
WRCTMP 


RUS IMP 
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PCLLIN: 


EARFIX: 


RETIN: 


© we 


RLC 
Jc 

DCX 
XRA 
ORA 
CRA 
JNZ 
JMP 


CALL 
XRA 
JZ 
DCX 
XRA 
CRA 
ORA 
JNZ 


CALL 
Per 


PCr 
JMP 


POLLIN 
D 

A 

D 

E 
BUSYIN 
RETIN 


Ho SEnIe 
B 
EARFIX 
D 
A 
D 
b 
POLLIN 


WRBLRS 
E 


D 
RUS ele 


>DECREMENT TIME OUT LOOP 
sIF BUSY=1 POLL FOR 40E 
sDECREMEAT TIME OUT LOOP 
»>CLEAR A REG 

sTRST D REG FOR O 

»TEST E REG FCR @ 

»IF NCT & CONTINUE POLLING 
sTIME OUT ERROR, RETURN 


»TEST FOR OP-COMPLETE 


;LECREMENT TIME OUT LOOP 
»CLEAR A REG 

»TEST D REG FCR Q 

sTEST E REG FCR @ 

,IF NOT @ CONTINUE POLLING 


sBIOTMP AND ITS SUESEQUENT ROUTINES SET UP THE POINTERS SO THAT THE BUBBLE 


;DRIVERS DON’T HAVE TO BE LUPLICATED FIVE TIMES (IN THE CASE OF THE SSDR 


»TWENTY-FCUR TIMES. 


IT PUTS THE PROPER ADDRESS IN ALL THE REGISTERS THAT 


9ARE USED DURING A READ/WRITE TO A BUBBLE. 


’ 
BIOTMP ; 


;BUBBLE IO TMP LOADER 


FUSH 
PUSH 
LELD 
LXI 
XCHG 
DAD 
TAD 
DAD 
XCHG 
MVI 
LXI 
DAD 
STA 
SHLD 
RET 
TAD 
STA 
SHLD 
LXI 
DAD 
STA 
SHLD 
LX1 
DAD 
STA 


Omyo 


A,@C38 


H,RDBUBD 


D 
RDLTMP 


nee te 
H,WRBUBD 


D 
WRDTMP 


WROEUP +1 
H,RUBUBS 


D 
RDS ise 


ROUSTMP +1 
H,WRBUBC 


D 
WRCTMP 


,JrP OP CODE 
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Selo 
PCE 
FOP 
RET 


we We 


WECTEP 1 
D 
E 


s>RIBUET 1S THE ADDRESS SUPPLIED 
>IT SUPPLIES THE ADDRESS OF THE 


, 

RTEUBL: 
IN 
RET 
IN 
RET 
IN 
RET 
IN 
RET 
IN 
RET 


808 
82H 
G48 
86 
8B 


> BUBBLE 
>BUEBLE 
»EUFBLE 
> BUBBLE 
> BUBBLE 


’ 
;WRBUBD IS THE ADDRESS SUPPLIED 
>IT SUPPLIES THE ADDEESS OF THE 


’ 

WREUED: 
OUT 
RET 
OUT 
RET 
CUT 
RET 
OUT 
RET 
OUT 
RET 


80H 
G28 
84FE 
S64 


8H 


> BUBBLE 
> BUBBLE 
> PURBLE 
> BUBBLE 
»>BUBBLE 


’ 
sRIBUBS SUPPLIES THE ADDRESS 10 


sACTIVE RUBBLE. 


, 

REEUES: 
IN 
RET 
IN 
RET 
IN 
RET 
IN 
RET 
IN 
RET 


898 


> BUBBLE 
> BUBBLE 
> SUERBLE 
> BUBBLE 
>BUBBLE 


TO RDDTVP WHEN READING THE 3UBBIE DATA. 
ACTIVE BUBBLE. 


CNE 

TWO 

THREE 

FOUR 

FIVE 

TO WRDTMP DURING A WRITE OPERATION. 
ACTIVE BUBBLE. 
ONE 

TWO 

THREE 

FOUR 

FIVE 


RDSTMF DURING A STATUS CHECK OF TEE 


CNE 
TWO 
THREE 
FOUR 
FIVE 


, 
»>WRBUBC SUPPIIES THE ADDRESS OF TEE ACTIVE BUBELE TO WRCIMP. THEN WHEN 
»THE COMMAND REGISTERS NEED TO BE WRITTEN TO THE CORRECT BUBBLE IS 


»ATDRESSED. 


’ 
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WREUEC: 


OUT 
RET 
OUT 
RET 
CUT 
RET 
OUT 
RET 
OUT 
RET 


DS 
EN 


818 
83H 
e8 
878 


8SH 


>BUBBLE ONE 
;BUBBLE TWO 
+;EUBELE TEREE 
;BUBBLE FOUR 


>BUBBLE FIVE 
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